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POINTS TO BE REVIEWED AND ACTION REQUESTED 



Applicants petition for reversal of an April 3, 2001 action of the Office of 
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Initial Patent Examination (OIPE), denying applicants a June 12, 2000 filing date ogthe 
basis that the entire specification and all of the drawings were allegedly not filed on j|ine 
12, 2000. Though this petition is being filed more than 2 months after the date o|trS 

li 

April 3, 2001 Notice, Applicants respectfully request that this petition not be dismiss^ 
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untimely, that these proceedings be reinstated, and that the above-referenced application 

■i 

be accorded a June 12, 2000 filing date, pursuant to Rule 181(f). In the alternative, 
applicants petition that the April 3, 2001 Notice be withdrawn, because it is clearly 
erroneous, and that a corrected Notice be issued, with a two month time for response, 
pursuant to Rule 182. As an additional basis for granting the relief sought, applicants 
petition that the rules be suspended to consider this petition, reinstate prosecution 
proceedings, and grant applicants a June 12, 2000 filing date, pursuant to Rule 183. 

The grounds for this petition are that the entire specification and drawings 
were properly filed on June 12, 2000, entitling applicants to a June 12, 2000 filing date 
for this application, subject only to filing missing parts. This petition should not be 
dismissed as untimely because statements by the PTO, including the OIPE, were a 
primary contributor to applicants' failure to file this petition within two months. The 
petition should also not be dismissed because all of the drawings were discovered in (and 
surely always were in) the U.S. Patent and Trademark Office (PTO) file for this 
application, so the Notice was clearly erroneous ab initio and should be withdrawn 
pursuant to Rule 182, which is not subject to the two month time for response found in 
Rule 181(f). Because the June 12, 2000 filing date is needed for priority and priority 
must be preserved to avoid a loss of rights, justice requires that this petition not be 
dismissed as untimely pursuant to Rule 181, that prosecution proceedings be reinstated, 
and that the Rules be suspended pursuant to Rule 183, if necessary, to reinstate the 
proceedings and grant applicants a June 12, 2000 filing date. 
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EVIDENCE AND OTHER PAPERS ACCOMPANYING THIS PETITION 

The following declarations and other papers are enclosed with a transmittal 
letter and return postcard receipt: 

1 . Declaration of Jonathan D. Feuchtwang, the attorney who filed the 
application, with 

(a) a copy of the express mail receipt for this application showing 
receipt by the U.S. Postal Service on June 12, 2000 and a weight of 2 lbs., 6.4 oz. (Exh. 
A), 

(b) a copy of the postcard receipt for this application, 
acknowledging receipt of the entire specification and all of the drawings in the PTO as of 
June 12, 2000 (Exh. B), and 

(c) a photocopy of the specification and drawings filed on June 

12, 2000 (Exh. C). 

2. Declaration of Terry Kannofsky, who copied the drawings from the 
PTO file, with a photocopy of the drawings and some other papers (page numbers TK-1 
through TK-39 have been added) found in the PTO's file for this application. 

3. Declaration of Eura Goard, describing her frustration with the PTO's 
handling of this application and her instructions regarding the April 3, 2001 Notice. 

4. Declaration of John Pionke, describing statements made by the PTO 
that the filing receipt had been mailed, and statements made by the OIPE that the Notice 
of Incomplete Application should have been a Notice of Missing Parts. 
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5. Declaration of Sidney Bell regarding an inadvertent docketing error. 

6. Declaration of Patrick G. Burns, describing parts of his investigation 
of this matter and explaining that applicants' failure to respond to the Notice by June 4, 
2001 was inadvertent and unintentional. 

7. A declaration and power of attorney signed by the named inventors 
of the present application. 

8. The basic filing fee of $1,398.00. 

9. The fees for these petitions in the amount of $390.00. 

10. A petition for extension of time to file missing parts, with a check 
for $1 10.00, and a conditional petition for extension of time in the event that the time for 
filing this entire petition may be so extended. 

STATEMENT OF FACTS AND ARGUMENT 

The Specification And Drawings 
Were Timely Filed On June 12, 2000 

This application was filed on June 12, 2000, as a continuation of a PCT 

application filed in Japan on October 8, 1999. Priority is also based on two Japanese 

applications, the first having been filed on October 12, 1998. June 12, 2000 is within 

twenty months of the earliest priority date claimed. Without priority, however, patent 

rights will be lost. 

In filing the application, Jonathan Feuchtwang followed his usual practice 
of personally reviewing the application papers when they were ready to be filed, 
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personally placing the application in a properly addressed envelope, sealing the envelope 
and delivering it to the person who signed the certificate of express mailing (Feuchtwang 
Dec, 1[3). For this reason, he testified that the papers filed with this application on June 
12, 2000 included 67 pages of specification, claims and an abstract, as well as 25 sheets 
of formal drawings (Feuchtwang Dec, 1(5). The actual specification and drawings filed 
with this application are attached as Exh. C to the Feuchtwang Declaration. 

The Feuchtwang Declaration is supported by the express mail receipt for 
this application, attached as Exhibit A to the Feuchtwang Declaration. Consistent with 
the expected weight of 67 pages of specification, claims and an abstract and 25 sheets of 
drawings, as well as other related papers, the receipt indicates that the package mailed on 
June 12, 2000 weighed 2 lbs., 6.4 oz. In investigating this matter, Patrick Burns 
compiled the papers filed by Mr. Feuchtwang and weighed them. He then removed the 
specification, drawings and Preliminary Amendment papers the Scanning Department did 
not find (as seen in TK-39 to the Kannofsky Declaration), and confirmed that the weight 
measured by the Postal Service is consistent with the weight of a package that included 
the specification, drawings and preliminary amendment (Burns Dec, 1(7). 

The Feuchtwang Declaration is further supported by the postcard receipt for 
this application, attached as Exhibit B to the Feuchtwang Declaration. Exhibit B is prima 
facie evidence of receipt of 67 pages of specification, claims and an abstract, as well as 
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25 sheets of formal drawings. 1 Surely, the absence of the entire specification and 
drawings would have been noticed when receipt was acknowledged on the postcard, and 
the postcard would have so indicated. 

Compelling evidence that the application was properly filed on June 12, 
2000 is found in the Kannofsky Declaration. Among other things, she found all the 
drawings for this application in the PTO file (TK-13 through TK-38), identified by the 
serial number of this application. She also found the preliminary amendment in the file 
(TK-9 through TK-12). Thus, though the document generated by the PTO (TK-39) 
indicates that the specification, drawings and preliminary amendment were missing, at 
least the drawings and preliminary amendment were clearly in the file. This evidence 
further establishes that the application was properly filed on June 12, 2000, and that while 
the PTO apparently misplaced the specification, the other supposedly missing documents 
were simply not found in the file. 

Moreover, the application was filed on June 12, 2000 and the OIPE did 
nothing until April 3, 2001, and only acted then after applicants' representative inquired 
about the status of the application several times (Pionke Dec). The postcard receipt 
suggests that the application papers were initially sent to the PCT branch, not the OIPE. 
The specification could easily have been misplaced in this confusion, and applicants 
should not be penalized as a result. For all of these reasons, this petition should be 



1 It also acknowledges receipt of the Preliminary Amendment filed with this 
application, which was not found when the application was reviewed for scanning (TK- 
39). 
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granted, and the specification attached as Exh. C. to the Feuchtwang Declaration should 
be placed in the file and used to prosecute the application. 

This Petition Should Not Be Dismissed As 
Untimely, And Prosecution Should Be Reinstated 

The April 3, 2001 Notice set a two month response date, pursuant to 37 
C.F.R. § 1.53(e). Rule 53(e)(3) acknowledges that petitions can be filed under Rule 
181(f), which provides that a petition not filed within two months from the action 
complained of may be dismissed as untimely. Thus, while the Rule apparently does not 
allow for automatic extensions of time, 2 the Commissioner clearly has discretion with 
respect to dismissal of a petition filed after two months. Helfgott & Karas v. Dickinson, 
54 USPQ2d 1425 (Fed. Cir. 2000). Applicants urge that discretion should be exercised in 
applicants' favor in this case, in the interest of fairness and justice. 

The Notice of Incomplete Application mailed on April 3, 2001 is clearly 
erroneous, and was clearly erroneous when sent. The Notice finds that the drawings were 
not filed, but Terry Kannofsky found the drawings in the application file (Kannofsky 
Dec, |2). The Notice is clearly erroneous, at least to that extent, and this was an obvious 
error that could and should have been corrected before the Notice was sent. In fact, it 
should be corrected now by withdrawing the April 3, 2001 Notice and issuing a corrected 

2 If for any reason extensions of time may be obtained automatically with respect to 
this Notice, applicants request such an extension. A Conditional Petition for Extension of 
Time, with authorization to charge the extension fee to Deposit Acct. 07-2069, is 
enclosed. 
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Notice setting a two month time for response. 3 The oversight by the PTO should not 
deprive applicants of their patent rights, even if applicants' representatives are partially at 
fault. See, Helfgott, supra. 

When the Notice was received by the firm of applicants' representatives, 
Greer, Burns & Crain, Ltd. (GBC), it was given to the docketing department with the file 
(Bell Dec, ][3). While the docketing process was started, it was inadvertently not 
completed. As a result, the response date did not appear on docketing calendars. 

Notwithstanding the lapse in docketing, immediate action was taken with 

respect to the Notice. A copy of the Notice was given to Eura Goard, the office manager 

at GBC and she immediately assigned John Pionke, a GBC law clerk, to investigate. Her 

frustration with errors of the PTO in similar circumstances, and her frustration: with -.this 

application due to several previous inquiries by Mr. Pionke, in which he understood that 

the filing receipt had been sent, caused the frustration reflected in her instructions. 

"John, please call PTO about this crazy case. See your note 
in file. Eura". 

Goard Dec, 1|4, Goard Exh. A. 

After receiving these instructions, Mr. Pionke made several inquiries to the 

OIPE, in a good faith effort to resolve this matter expeditiously and without expending 

unnecessary resources (Pionke Dec, 1(4-5). He believed that the Notice had been sent in 

error, in part because he had made previous inquiries about this application on December 

3 This petition for relief is made pursuant to Rule 1 82, which is not subject to the two 
month time frame of Rule 181(f). Helfgott, supra, 45 USPQ2d at 1428, n. 3. Applicants 
submit that Rule 183 is also not subject to the time frame of Rule 181(f). 
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12, 2000, January 16, 2001 and March 21, 2001 (Pionke Dec. 1J3), and had been told by 
the PTO representatives that the filing receipt had been mailed. 

When asked to inquire about the April 3, 2001 Notice, Mr. Pionke spoke 
with a representative of the OIPE, who told Mr. Pionke that he was probably correct in 
believing that the Notice had been sent in error (Pionke Dec.,T[4). The OIPE 
representative kindly agreed to find the file from central files and call him back, which he 
appreciated and accepted in good faith. If he had been told that the Notice was correct, 
and that a petition would be required, he would have considered his assignment complete 
and reported to the office manager or an attorney (Pionke Dec, T[6). 

* i± y. Mr. Pionke followed-up with another call on May 14, 2001, and was told 
again ithat the file would be ordered and he would.be scalled back. He called -again; on- 
May 15,2001 (Pionke Dec, 1f5). 1 

The file was then taken from his office, probably to file a routine IDS (filed 
on May 30, 2001), and the file was not returned to him. The PTO's misstatements and 
inactions, though presumably in good faith, misled Mr. Pionke to believe that the Notice 
would be expeditiously withdrawn sua sponte, or his call would be returned and his 
request for assistance refused. 

Applicants respectfully submit that the PTO was a primary contributor to 
the delay in filing these papers. But for Ms. Goard's past experience with similar notices, 
and the PTO's repeated representations that the filing receipt for this application had been 
sent, Ms. Goard and Mr. Pionke would not have been so skeptical of the April 3, 2001 
Notice, and the file would likely have been given to an attorney immediately for action, 




irrespective of whether the June 4, 2001 date had been entered in the docket. Indeed, but 

for these PTO actions, the file would probably not have been given to Mr. Pionke as 

abruptly as it apparently was, and perhaps the docketing error would not have occurred. 

But for the representations of the PTO that the Notice probably was in error and that the 

file would be found and reviewed by the PTO, Mr. Pionke would have given the file to an 

attorney, or returned it to the Office Manager (Pionke Dec, ^[6), who would then have 

given the file to an attorney (Goard Dec, ^[5). 

The failure of the PTO to find the drawings in the file when the Notice was 

issued, the PTO's repeated erroneous statements that the filing receipt had been mailed, 

and the PTO's statements to the effect that the April 3, 2001 -Notice probably should have 

been a Notice \to File Missing Parts are circumstances which require the exercise of 

discretion by the Commissioner, where, as here, the failure to reply within two months 

was unintentional and due to inadvertent error. As the Federal Circuit said in Helfgott 

Helfgott argues that while it bears no small amount of blame 
for the circumstances, the Commissioner was also a primary 
contributor, and should have accordingly exercised his 
discretion in this situation. We agree. 

Helfgott, supra, 54 USPQ2d at 1431. Under these circumstances, the Commissioner 

should exercise his discretion in applicants' favor, notwithstanding an inadvertent error or 

errors by applicants' representatives. 

While it could be argued that one talks to PTO representatives at his/her 

risk, the better rule is that PTO representatives must make reasonable efforts to at least 

review files, give accurate information and return phone calls when they state that they 
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will do so. It may be unreasonable to expect PTO personnel to be experts on the law or 
even some PTO procedures, but it is not unreasonable to expect that accurate information 
will be given, calls will be returned and promised actions performed. PTO personnel 
should not be discouraged from being helpful and should not be penalized for inadvertent 
errors, but applicants also should not be penalized for such errors, particularly where, as 
here, applicants' representatives made a conscientious effort to advance prosecution by 
bringing these problems to the attention of the PTO to have them resolved expeditiously. 
While a more experienced person might have been skeptical of the PTO's repeated 
statements about the filing receipt, and its commitment to obtain the file and return Mr. 
Pionke's calls, applicants should not be penalized because Mr. Pionke was unaware of the 
likelihood that misinformation might be given and inadvertent errors would be made.1 

Strict adherence to the two month period is not justified in this case, as it 
might be under other circumstances described in M.P.E.P. § 601.01(d). This application 
has not been forwarded for examination. According the June 12, 2000 filing date will 
only cause the patent to expire earlier than it would if the case were re-filed now, and 
filing a CIP or continuation application is not possible now in any event because priority 
cannot be claimed and priority is needed to avoid the loss of patent rights. Moreover, 
accepting this petition such a short time after the two month period will not adversely 

4 Applicants are not suggesting that the PTO representatives Mr. Pionke talked to have 
a practice of not returning phone calls and so forth. Indeed, the PTO, and particularly the 
OIPE personnel, appear to be overworked and inundated by inquiries, yet make every 
reasonable effort to be patient, courteous and helpful. Applicants' point is that applicants 
should not be penalized by such errors, and the Commissioner's policy should encourage 
PTO personnel give accurate information, return calls and to follow through with 
commitments, even on the telephone. 
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affect the functioning of the patent system. In fact, not reinstating prosecution will 
prevent publication in the U.S., which will adversely affect the patent system. 

Applicants respectfully request that all of these circumstances be 
considered. Weighed against the loss of patent rights applicants will suffer if this petition 
is not considered and granted, these circumstances are compelling. Applicants urge the 
Commissioner to exercise the discretion permitted by Rule 181(f) and Rule 183, and 
consider this petition after the two month period, or to reissue the Notice and set an 
additional time for response. 



Conclusion 

For the foregoing reasons, applicants pray that this petition be considered 
and granted in its entirety, and that applicants be granted a June 12, 2000 filing date, or 
that the Notice be withdrawn, corrected and reissued with a two month time for response. 
Applicants request a refund of any fees found to be unnecessary. 

Respectfully submitted, 

GREER, BURNS & CRAIN, LTD. 
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John Pionke declares: 

1. I am a 2001 graduate of The John Marshall Law School, and I am 
employed as a Law Clerk by Greer, Burns & Crain, Ltd. ("GBC"). I have been employed by 
GBC since November 2000. 

2. My duties at GBC include making periodic status checks for patent 
applications, and making other telephonic inquiries to the U.S. Patent and Trademark Office 
("PTO"). 




3. Prior to April 3, 2001, I made inquiries about the status of this 
application on December 12, 2000 (Exh. A and B), January 16, 2001 (Exh. C and D) and 
March 21, 2001 (Exh. E), at the request of the docketing department. I was told more than 
once by agents at the PTO, that the filing receipt had been mailed. 

4. Some time after April 1 1, 2001, 1 was asked by Eura Goard, the Office 
Manager at GBC, to inquire about a Notice of Incomplete Nonprovisional Application mailed 
to GBC in connection with this application, as seen in Exh. F. On April 18, 2001, 1 spoke 
with Janice Burse with the Office of Initial Patent Examination ("OIPE"). I told Ms. Burse 
that I believed we had received the Notice of Incomplete Nonprovisional Application in 
error, and that GBC should have received a Notice to File Missing Parts (Exh. F). Ms. Burse 
left for a few minutes. She then returned and said she' believed that I was probably correct 
according to what she saw on the screen. Ms. Burse then stated that she would have to pull 
the file from their central files and verify that GBC was correct. Ms. Burse then stated that 
she would call me back when she received the file and made that verification. 

5 . I followed-up on May 1 4, 200 1 . I was told that OIPE had not received 
the file and that they would order it and that I should call back the next day. On the 
following day, May 1 5, 2001 , 1 called again and received no response. I believe that the file 
was taken from my office soon thereafter and was not returned. 

6. Based on my conversations with the OIPE, I believed that the Notice 
would be replaced with a Notice to File Missing Parts, or I would be called and told that the 
April 3, 2001 Notice was correct. Had I been told by the OIPE that the Notice was correctly 
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sent and a petition would be required, I would have considered the assignment complete and 
immediately given the file to the Office Manager or an attorney and reported the situation. 

7. Exh. A is a true and correct copy of a portion of a docket report 
generated by the GBC docketing department, with my hand written notes regarding a 
telephone conference I had with the PTO on December 12, 2000. Exh. B is a true and correct 
copy of hand written notes that I made with respect to my December 12, 2000 conversation 
with the PTO regarding the status of this case. Exh. C is a true and correct copy of a portion 
of another docketing report generated by the GBC docketing department, and includes a 
summary of my conversation with the PTO regarding this case on January 1 6, 200 1 . Exh. D 
is a true and correct copy of a memorandum I prepared on January 17, 2001, regarding my 
conversation with the PTO on January 16, 2001. 1 Exh. E is a true and correct copy of a 
portion of yet another GBC docketing report, with a true and correct copy of a memorandum 
I prepared summarizing a conversation I had with the OIPE on March 21 , 2001 . Exh F. is a 
true and correct copy of an April 3, 2001 Notice of Incomplete Nonprovisional Application 
directed to this application, with instructions I received from the Office Manager regarding 
this case, and a true and correct copy of notes I made summarizing conversations with the 
PTO regarding this application on April 18, 2001, May 14, 2001 and May 15, 2001. 

I declare under penalty of perjury that the foregoing is true and correct. 
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Memo 



to file 



To: File 1111.64360 
From: John Pionke 
Subject: Request for Filing Receipt 
Date: January 17, 2001 

Per docket sheet I contacted the PTO on Jan 16, 2000 and asked them the status of receipt. They 
told me that they had record of sending. I told them we do not have it. They suggested sending a 
letter requesting filing receipt. Copy of letter is in file. 





Memo,.* 

To: File 
From: John Pionke 
Subject: Status check 
Date: March 21, 2001 

Spoke with the Office of Initial Patent Examination. They told me that this case has been 
assigned but has not yet been keyed. When it is keyed we will receive all applicable information 
from Office of Initial Exam and the case will be assigned to an examiner. 
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Patrick G. Burns declares: 

1 . I am licensed to practice law in the state of Illinois, and I am registered 
to practice before the U.S. Patent and Trademark Office ("PTO"). I have primary 
responsibility for about 600 pending U.S. patent applications, including the above-referenced 
application. I am assisted by the staff and several attorneys of Greer, Burns & Crain, Ltd., 
("GBC"). 

2 . Our office has established procedures for processing papers sent to and 
received from the PTO in connection with patent application. Among other things, all 



documents received from the PTO are date stamped by the mail room, and given to the 
docketing department with the file. Relevant dates are entered into a computer data base, and 
the dates entered are independently verified. For applications like the present application, a 
copy of the document is immediately sent to the client. The file is then given to someone for 
action, if needed. 

3. In the course of prosecution, we often file routine documents, 
irrespective of other activity in the application. In this case, for example, we filed a Request 
for a Filing Receipt on January 17, 2001. We faxed a Change of Address on January 10, 
2001, and we filed a routine Supplemental Information Disclosure Statement on May 30, 
2001. 

4. When I file routine documents, I do not always review the entire file. 
Papers requiring a response are often assigned to another attorney, and I rely on our 
docketing department for direction regarding responses, etc. 

5. On about June 7, 2001, a member of our staff drafted a routine 
declaration and assignment for filing in this case, in response to an unsolicited request from 
the client. In reviewing those documents, I saw the Notice of Incomplete Application mailed 
April 3, 2001, and realized that our firm had not responded to the Notice within the two 
month deadline set in the Notice. The client had not been informed of the Notice at that time. 
Soon thereafter, I learned that the document had inadvertently not been docketed in our 
computer database, and that John Pionke, a member of our staff, had been given the file with 
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the Notice. I also learned that he contacted the OIPE several times before June 4, 2001 , in an 
effort to resolve the matter expeditiously. 



to inspect the file for this application in the PTO. As described in the Declaration of Terry 
Kannofsky, she found the drawings for this application, among other things. 



apparently prepared by the Scanning Department at the OIPE. That document indicates that 
the specification, drawings and preliminary amendment were not present for scanning. I 
reconstructed the papers filed on June 12, 2000 from our file. The entire application, 
including the specification, drawings and preliminary amendment (but without the envelope), 
weighed 2 lbs., 8.1 oz. on our office scale, very close to the 2 lbs., 6.4 oz. found in the 
Express Mail receipt for this application (Exh. A to the Feuchtwang Declaration). I removed 
the specification, drawings and preliminary amendment, and the remaining documents 
weighed 1 lb., 7.2 oz. on our office scale. For this and other reasons, I believe that the entire 
specification, drawings and preliminary amendment were filed with the present application. 

8. Our firm's failure to respond to the April 3, 2001 Notice by June 4, 2001 
was unintentional, and any errors on our part were inadvertent. 

I declare under penalty of perjury that the foregoing is true and correct. 



6. 



In the course of my investigation of this matter, I asked Terry Kannofsky 



7. 



One of the documents found by Terry Kannofsky (TK-39) was 





Patrick (j. Burns 
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PATENT 



IN THE tMttED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Sato et al. 

Serial No.: 09/581,468 

Filed: June 12, 2000 

For: MAGNETIC SENSOR, 
MAGNETIC HEAD, 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 

Examiner: 



/ hereby certify that this paper is being deposited with the 
United States Postal Service as EXPRESS mail in an envelope 
addressed to: Office of Petitions, Box DAC, Assistant 
Commissioner for Patents, Washington, D.C. 20231, on this 
date. 



Date 




DECLARATION OF EUR A GOARD 



Office of Petitions 
Box DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



RECEIVED 

JUL ; 1 1 2001 
OFFICE OF PETITIONS 



Eura Goard declares: 

1. I am employed by Greer, Burns & Crain, Ltd. ("GBC"). I have been 
employed by GBC since June 22, 1995. My present position is Office Manager. 

2 . I was the Docketing Clerk at GBC from June 22, 1 995 to about January 
2001, and I am familiar with all docketing procedures at GBC. As Office Manager, I still 
oversee docketing. 

3 . I hired Sidney Bell as Docketing Clerk in January 200 1 , and trained him 
with respect to docketing procedures. I reviewed all of his work through about the end of 
March 2001, and I reviewed unusual papers in April 2001. 





4. On about April 11, 2001, GBC received a Notice of Incomplete 
Nonprovisional Application in the above-referenced patent application. When I saw the 
Notice, I reviewed the file, and saw that John Pionke, a law clerk at GBC, had been told 
repeatedly that a filing receipt had been sent for this case. I wrote a note to Mr. Pionke, 
asking him to investigate this case to determine if the Notice was a PTO error and was an 
appropriate document (Exh. A). I did this in part because GBC periodically receives notices 
of abandonment and the like that are incorrect and are withdrawn or corrected by the PTO 
with a phone call. At the time, GBC was expecting a filing receipt and a Notice to File 
Missing Parts, and I believed that the Notice of Incomplete Nonprovisional Application had 
been sent in error. 

5. If Mr. Pionke had returned the file for this case to me and told me that . 
papers would have to be filed in response to the Notice, I would have immediately given the 
file to an attorney for action, irrespective of the computer docketing system. 

6. Exh. A is a true and correct copy of the Notice received for this patent 
application, with instructions I gave to John Pionke about the time the Notice was received. 

I declare under penalty of perjury that the foregoing is true and correct. 
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1111.64360 ' PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Sato et al. 



Serial No.: 09/581,468 

Filed: June 12, 2000 

For: MAGNETIC SENSOR, 
MAGNETIC HEAD, 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 

Examiner: 



/ hereby certify that this paper is being deposited with the 
United States Postal Service as EXPRESS mail in an envelope 
addressed to: Office of Petitions, Box DAC, Assistant 
Commissioner for Patents, Washington^ D.C. 20231, on this 
date. 

Date 




DECLARATION OF SIDNEY BELL 



Office of Petitions 
Box DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sidney Bell declares: 

1 . I am employed by Greer, Burns & Crain, Ltd. ("GBC"). My position is 
Docketing Clerk. I have been employed by GBC since January 1 8, 2001 , and was in training 
through about the end of March 2001 . 

2. My duties at GBC include docketing all papers received from the U.S. 
Patent and Trademark Office ("PTO"), as well as docketing all papers sent to the PTO. I 
typically process about 50 application files per day. 




3 . GBC has detailed docketing procedures that include entering due dates 
for papers to be filed in the PTO, reminders before due dates, status checks, etc. 

4. On about April 11, 2001, GBC received a Notice of Incomplete 
Nonprovisional Application in connection with the above-referenced application. In 
accordance with normal office procedures, the mail room stamped the date received on the 
document, associated the document with the file, and delivered the document and file to 
docketing. 



that a response was due within two months of its April 3, 2001 mailing date. I wrote a due 
date of June 4, 2001 (June 3, 2001 being a Sunday) on the document. However, I 
inadvertently did not enter the due date in the docketing system. This error was 
unintentional. 



5. 



I stamped the Notice with a docketing stamp. The document indicated 



I declare under penalty of perjury that the foregoing is true and correct. 



Executed: 
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1111.64360 N^^^j?:^ PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Sato et al. 

Serial No.: 09/581,468 

Filed: June 12, 2000 

For: MAGNETIC SENSOR, 
MAGNETIC HEAD, 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 

Examiner: 

DECLARATION OF TERRY KANNOFSKY 

Office of Petitions 
Box DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Terry Kannofsky declares: 

1 . I am the owner of TK Associates, a Washington D.C. search firm. 
Among other things, our firm regularly copies documents from patent applications for 
attorneys. 

2. On about Junel 3, 2001 , Patrick Burns gave me a power to inspect the 
above-referenced patent application file in the U.S. Patent and Trademark Office ("PTO"). 
On June 1 5, 2001 , 1 personally inspected the file. I did not copy all of the documents in the 



/ hereby certify that this paper is being deposited with the 
United States Postal Service as EXPRESS mail in an envelope 
addressed to: Office of Petitions, Box DAC, Assistant 
Commissioner for Patents, Washington, D.C. 20231, on this 

Date Express Mall No. EL 846162315 US 



JUL ; 1 1 2001 
OFFICE OF PETITIONS 



06/28/2001 15:53 7034150341 TK ASSOCIATES 

JuiT-iD-^i IH-Ji UdXfcfcK, tJUKNb & LKHlNi LIU 
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1111.64360 Vt « DA _ 

\\ ^jf PATENT 

IN THE U^M%ATFS PATENT AMD TRADEMARK' nprrrp 
Applicant: Sato et al. 



Serial No.: 09/581,468 

Filed: June 12,2000 

For MAGNETIC SENSOR, 
MAGNETIC HEAD. 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 
Examiner 



I hereby certify that this paper is being deposited with the 
United States Postal Service as EXPRESS mail in an envelope 
addressed to: Office of Petitions, Box t>AQ Assistant 
Commissioner for Patents, Washington, D.C 202M, on this 
dare. 



Date 



Express Mail No. 



RECEIVED 

JUL il 1 2001 
OFFICE OF PETITIONS 



DECLARATI ON Off TEttttV KANNOFSKV 



Office of Petitions 
Box DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Terry Kannofsky declares: 

1. I am die owner of TK Associates, a Washington D.C. search firm. 
Among other things, our firm regularly copies documents from patent applications for 
attorneys. 

2. On about Junel3, 2001 , Patrick Bums gave me a power to inspect the 
above-referenced patent application file in the U.S. Patent and Trademark Office ("PTO"). 
On June 15, 2001, 1 personally inspected the file. I did not copy all of the documents in the 



06/28/2001 15:53 7034150341 TK ASSOCIATES 

juin-^d-^i ^ UKbbKi BURNS & CRAIN. LTD 



PAGE 02/82 
312 360 9315 P. 03/03 . 



file, but copied the attached documents (marked as pages TK- 1 through TK-39) from th 3 file 
for this patent application, under the supervision of a PTO employee. 

I declare under penalty of peg'ury that the foregoing is true and correct. 




Executed: S4^ Aoo I 




Terry Kannofsky 
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TITLE OF INVENTION: 



APPLICANT(S): 



ISSUING CLASSIFICATION 
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[—.TERMINAL 
I — I DISCLAIMER 



□ The term of this patent 

subsequent to 

has been disclaimed. 



_ (date) 



D The term ot this patent shall 
not extend beyond the expiration date 
ol U.S Patent. No . . 



□ The terminal months ol 

this patent have been disclaimed. 



DRAWINGS 



Sheets Drwg. Figs. Drwg. Print Fig. 



(Awlitant Examiner) 



(Primary E»amirtar) 



Total Claims 



CLAIMS ALLOWED 

Print Claim for O.G. 



NOTICE OF ALLOWANCE MAILED 



ISSUE FEE 



Amount Due 



Date Paid 



ISSUE BATCH NUMBER 



WARN I N G : ...... . , h _ , lnitftd c, flt es Code Tille 35 , Sections 1 22 , 1 8 1 and 368 . 

!»^.^^^^ - 

FILED WITH: □ DISK (CRF) □FICHE Q CD-ROM 

(Attached <n pockit on right IniUa flap] 



Form PTO-436A 
(Rav. 6/99) 



(FACE) 



777 
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uation/Divisional Docket No.: 1111.64360 
locket No.: N/A 



PATENT APPLICA TION 

52enec'dPCT/PT: 12JUH2000 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Sato et al. 
lication No.: PCT/JP99/05568 Art Unit: 

Filed: October 8, 1999 Examiner: 
For: MAGNETIC SENSOR, MAGNETIC HEAD, 

MAGNETIC ENCODER AND HARD DISK DEVICE 



ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 



NOTIFICATION OF HUNG OF CONTINUING 
OR DIVISIONAL APPLICATION 



5 

in 



Notification is hereby being made of the filing of a: 

J£ continuation 

_ continuation-in-part 

_ divisional 
application for this case 

JL concurrently herewith. 

_ on 



Reg No. 



41,017 



Tel. No.: (312) 993-0080 




(type or print name of attorney) 

Greer, Burns & Crain, Ltd. 

233 S. Wackpr Dr. SnltP fififiO 

(address) 

Chicago, IL 60606 



CERTIFICATION UNDER 37 C.F.R. 1.8(a) and 1.10 

I hereby certify that, on the date shown below, this correspondence is being: 

X_ deposited with the United States Postal Service in an envelope addressed to the Assistant Commissioner 
of Patents, Washington, D.C. 20231 



37 C.F.R. 1.8a 

_ with sufficient postage as "first class" mail. 

June 12, 2000 



Nottficition Form 
Rev. February 10, IWS 



37 C.F.R. 1.10 

X as "Express Mail" 
Mailing Label tp,. EL409491679US 




(type or print name of person certifying) 



*9/581468 
416Rec'dPCT/rTO 12 JUN 2000 

. nil PATENT APPLICATION 

Docket No.: 1111.64360 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Anticipated Classification of this application: 
Class: Subclass: 

Prior application: PCT/JP99/05568 

Examiner: 

Art Unit: 

REQUEST FOR FILING CONTINUING OR DIVISIONAL APPLICATION 

BOX PATENT APPLICATION 

ASSISTANT COMMISSIONER FOR PATENTS 

WASHINGTON, D.C. 20231 

□ Sir: 
0- 

,1 This is a request for filing a 

a 

^ (X) Continuation application, 

f 1 

^ ( ) Divisional application, 

- under 37 CFR 1 53(b) of pending prior application Serial No, PCT/JP99/05568 filed onOctober 

U DISK DRIVE, 

111 



CERTIFICATION UNDER 37 CFR 1.10 



I certify that, on the date shown below, these documents are being deposited with the United States postal 
Service in an envelope addressed to the Assistant Comm~ ° £ T^S $ 
"Express Mail Post Office to Addressee," Mailing Label No. EL409491679US. 

p flT » W 17^000 



Signature _ 




09/581468 
416 Rec'd PGT/PTO 1 2 JUN 20017' 

( ) Enclosed is a copy of the prior application, including the oath or declaration as 
originally filed. The attached application papers are a true copy of prior application 
Serial No.: AAAA as originally filed on AAAA , and no amendments referred to in 
the oath or declaration as originally filed introduced new matter. This statement is 
made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issuing thereon. 

The copy of the papers of the prior application as filed are as follows: 

( ) pages of specification including claims and abstract 

() sheets(s) of drawing 

() pages of declaration and power of attorney 

(X) Enclosed is a replacement specification reflecting previously submitted amendments 
and/or additional formal amendments. No new matter is added by the changes. 

The new application includes: 

(X) 67 pages of specification including claims and abstract 

(X) 25 sheets(s) of drawing 

( ) pages of declaration and power of attorney 

( ) A statement (Declaration) claiming small entity status was filed in the prior 
application and small entity status for this application is proper and desired. 

( ) Cancel in this application original claims AAAA of the prior application before 
calculating the filing fee. (At least one original independent claim must be retained 
for filing purposes). 



09/581468 
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5. (X) The filing fee is calculated below: 

416 Rec'd PCT/P7D 1 2 JUN 2000' 

CLAIMS AS FILED IN THE PRIOR APPLICATION, LESS ANY CLAIMS CANCELED BY 
AMENDMENT BELOW 



For 


No. Filed 


No. Extra 


Rate 


Fee 










$690.00 


Total Claims... 


-20 = 




x $18.00 = 


$-0- 


Independent 
Claims.... 


-3 = 




x $78.00 = 


$-0- 






Total Filing Fee 




$ 


Statement of 
Status as Small 
Entity Reducing 
Filing Fee By 
HalfTo 








$-0- 



6- ( ) 

7- ( ) 

8- ( ) 

9- C ) 

10. (X) 
( ) 

11. () 

12. ( ) 



A check in the amount $_ 



_ is enclosed. 



The Commissioner is hereby authorized to charge any additional fees which may be 
required for this application under 37 C.F.R. 1.16-1 .17, or credit any overpayment, 
to Deposit Account No. 07-2069. A duplicate copy of this sheet is enclosed. 

A petition and fee for an extension of time has been filed in the pending prior 
application. A copy of the petition is attached. 

Amend the specification by inserting before the first line the sentence: -This is a 
( ) continuation, ( ) divisional, ( ) continuation-in-part, of application Serial No. 

AAAA fj|g(J AAA A 

Priority of application Serial No. 10-289781 filed on October 12, 1998 in Jpaan, 
and application Serial No. 10-308989, filed on October 29, 1998, in Japan are 
claimed under 35 U.S.C. 119. 

The certified copy(ies) has (have) been filed in prior application Serial No AAAA 
filed AAAA . 



The prior application is assigned of record to: 
oi1 aaaa onReel AAAA , Frame AAAA 



AA . The assignment was recorded 
The inventors of the invention of the parent application, serial number AAAA are 
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13. (X) An information disclosure statement is subi 



09/581468 
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14. (X) A preliminary amendment is enclosed herewith. 

15. ( ) Please delete the name(s) of AAAA who is (are) not a (an) inventor(s) of the subject 

matter of the ( ) continuing ( ) divisional application. 

16. ( ) The power of attorney in the prior application is to: 

(X) The power appears in the original papers in the prior application. 

( ) Since the power does not appear in the original papers, a copy of the power in the 
prior application is enclosed. 

( ) Associate Power of Attorney is enclosed. 

( ) A copy of the Associate Power to A A AA is enclosed. The original Associate Power 
was filed in the parent application. 

(X) Address all future communications to: 

Patrick G. Burns 
Greer, Burns & Crain, Ltd. 
Sears Tower - Suite 8660 
233 South Wacker Drive 
Chicago, Illinois 60606 



Greer, Bums & Crain, Ltd. 
Sears Tower - Suite 8660 
233 South Wacker Drive 
Chicago, Illinois 60606 
(312) 993-0080 

Continuation/Divisional Application, 4 pages, 16 paragraphs 
Revision November 17, 1998 



June 12, 2000 
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It 11. 64360 PATENT 

TN THF. UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re U.S. Patent Application 

Applicant: Sato et al. 

Cont. of: PCT/JP99/05568 

Filed: October 8, 1999 

For: MAGNETIC SENSOR, 
MAGNETIC HEAD, 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 

PRET JMTNARY AMENDMENT 

Box Patent Application 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination of this application, please amend the application as 

follows: 

TN THF. CLAIMS : 

Please amend claims 5, 6, 10, 1 1 and 12-17 as follows: 



1 hereby certify that this paper is being deposited with 
the United States Postal Service as Express Mail in an 
envelope addressed to: Asst. Comm. for Patents, 
Washington, D.C. 20131, oriihls date. 



:.2^31,oyis 
Mall ykb^f Nc 



06/1 2/QQ , 

Date Express" Mall Ukbejl No.: EL409491679US 



5. (Once Amended) A magnetic head comprising the magnetic sensor 
according to [any one of claims] claim 1 [to] 1 4 or 2 . 



k 





6. (Once Amended) A magnetic encoder comprising the magnetic 
sensor according to [any one of claims] claim 1 [to] # 4 or 2 . 

10. (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 9] or 8 , wherein 

the member of high permeability is a shield layer formed, spaced from 
the ferromagnetic tunnel junction element. 

1 1 . (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 10] or 8 , wherein 

the thickness of the barrier layer near the edge of the fixed layer is larger 
than a thickness of the barrier layer near a central part of the fixed layer. 

12. (Once Amended) . A magnetic head according to [any one of claims] 
claim 7 [to 1 1 ] or 8 , wherein 

the free layer is formed wider in a region spaced from the signal 

detection surface. 

13. (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 1 2] or 8 , wherein 

the fixed layer is not exposed to the signal detection surface. 
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14. (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 13] or_&, wherein 

the member of high permeability is grounded. 

15. (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 14] or S 3 wherein 

the free layer in a region which is not opposed to the fixed layer is bent 
away from the fixed layer. 

1 6. (Once Amended) A magnetic head according to [any one of claims] 
claim 7 [to 15] or_S, wherein 

the ferromagnetic tunnel junction element further includes another fixed 
layer which is opposed to the free layer through another barrier layer formed on the other 
surface of the free layer, a magnetic direction of said another fixed layer being fixed by 
another antiferromagnetic layer which is adjacent thereto. 

17. (Once Amended) A hard disk device comprising the magnetic head 
according to [any one of claim 5 and claims] claim 7 [to 16] qx£. 
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REMARKS 



Applicants respectfully request that these claims be considered with the 



examination of the remaining claims. 



June 12,2000 

Suite 8660 - Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606-6501 
Telephone: (312)993-0080 
Facsimile: (312) 993-0633 



Respectfully submitted, 



GREER, BURNS & CRAIN, LTD. 
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United States Patent & Trademark Office 

Office of Initial Patent Examination -- Scanning Division 




Application deficiencies found during scanning: 
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for scanning. (Document title) 



B Page(s ) n f OWw^wg s. were not present 

for scanning. (Document title) 



a Scanned copy is best available. 
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1.64360 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
icant: Sato et al. 



Serial No.: 09/581,468 

Filed: June 12, 2000 

For: MAGNETIC SENSOR, 
MAGNETIC HEAD, 
MAGNETIC ENCODER AND 
HARD DISK DEVICE 

Art Unit: 

Examiner: 



/ hereby certify that this paper is being deposited with the 
United States Postal Service as EXPRESS mail in an envelope 
addressed to: Office of Pettions, Box DAC, Assistant 
Commissioner for Patents, Washington, D.C. 20231, on this 
date. k 

Date Express Mail No. EL 846162315 US 



DECLARATION OF JONATHAN D. FEUCHTWANG 



Office of Petitions 
Box DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



RECEIVED 

JUL ; 1 1 2001 
OFFICE OF PETITIONS 



Jonathan D. Feuchtwang declares: 

1 . I am licensed to practice law in the State of Illinois, and I am registered 
to practice in the U.S. Patent and Trademark Office ("PTO"). 

2. In June 2000, 1 was an attorney employed by Greer, Burns & Grain, Ltd. 
("GBC"). Among other things, I was responsible for filing new patent applications as 
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DESCRIPTION 



MAGNETIC SENSOR, MAGNETIC HEAD, MAGNETIC ENCODER AND 
HARD DISK DEVICE 

[CROSS REFERENCE TO RELATED APPLICATION] 

This application is a Continuation of PCT application 
No. PCT/JP99/05568, which was filed on October 8, 1999, and 
which designated the United States. 

[TECHNICAL FIELD] 

The present invention relates to a magnetic sensor, a 
magnetic head, a magnetic encoder and a hard disk device, 
more specifically, a magnetic sensor, a magnetic head, a 
magnetic encoder and a hard disk device which utilize a 
ferromagnetic tunnel junction. 

[BACKGROUND ART] 

Some electronic devices utilize tunnel phenomenon. 
The tunnel phenomenon generally means a phenomenon that 
particles, e.g., electrons, etc., having lower kinetic 
energy than a potential barrier can pass the potential 
barrier to transit. The tunnel phenomenon is a phenomenon 
which cannot be explained by classical mechanics, but is 
characteristics of quantum mechanics and can be explained 
by quantum mechanics. A wave function of a particle 
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propagates inside the potential barrier toward outside the 
potential barrier, attenuating, and unless an amplitude of 
the wave function is zero outside the potential barrier, 
the wave function propagates as a progressive wave, and can 
exit the potential barrier. 

As examples of the tunnel phenomenon are known the 
phenomenon that a-particle is emitted from an atomic 
nucleus by a-decay, the phenomenon that electrons are 
emitted from the surface of a metal when a high voltage is 
applied to the metal (field emission), the phenomenon that 
when a high reverse bias is applied to a pn junction of a 
semiconductor, electrons punch through a depletion layer, 
and other phenomena. The tunnel phenomenon is practically 
a very important quantum mechanic effect. 

A typical phenomenon as the tunnel phenomenon used in 
electronic devices is that when a voltage is applied to the 
metals on both sides of a "metal/insulator/metal " junction, 
a little current flows when the insulation is sufficiently 
thin. This phenomenon is one that takes place because an 
electron has a low probability of passing through an 
insulator, which usually does not conduct current, owing to 
the quantum mechanic effect when the insulator has a 
thickness of some angstroms (A) to tens A and is as thin as 
preferably some A to ten-order A. The current is called 
"tunnel current", and a junction of such structure is 
called a "tunnel junction" . 
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In order to realize a very -thin insulation layer for 
realizing the tunnel junction, usually an oxide film of a 
metal layer is used as an insulator barrier. For example, 
such insulator barrier is formed by oxidizing a surface 
layer of aluminum by suitable oxidation, such as natural 
oxidation, plasma oxidation, thermal oxidation or others. 
A film thickness of an oxide film can be controlled by 
adjusting oxidation conditions in accordance with used 
oxidation, and can have a required thickness of some 
angstroms (A) to tens A. The thus- formed aluminum oxide is 
a very thin insulator and can function as a barrier layer 
of a tunnel j unction . 

When a voltage is applied between the metals of the 
tunnel junction of the above-described "metal / oxide film 
/ metal" , which are on both sides thereof, the current 
corresponding to the applied voltage characteristically 
exhibits non-linearity, which is different from linearity 
exhibited by the usual resistor. Electronic devices having 
such tunnel junction are used as non-linear devices . 

Then, the structure "ferromagnetic metal / oxide film 
/ ferromagnetic metal", which has the metals of the "metal 
/ oxide film / metal" on both sides replaced by the 
ferromagnetic metals is called "ferromagnetic tunnel 
junction". It is known that in the ferromagnetic tunnel 
junction a tunnel probability (tunnel resistance) depends 
on a magnetized state of the magnetic layers on both sides. 
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In other words, it is possible to control the tunnel 
resistance by changing a magnetized state of the magnetic 
layers on both sides by a magnetic field. When a relative 
angle between magnetic directions of both magnetic layers 
is represented by 6, a tunnel resistance R is expressed by 

R = R 8 + 0.5 x AR ( 1- COS0 ) (1) 

R s represents a tunnel resistance at the time that a 
saturated magnetic field is applied. Two magnetic 

directions on both sides are oriented in directions of the 
magnetic field application. AR represents a change of the 
tunnel resistance. 

What Formula ( 1 ) means is that when the two magnetic 
layers are magnetized in the same direction in a saturated 
magnetic filed, a relative angle 9=0° (cos9=l), and a 
tunnel resistance R=Rs. In contrast to this, when the two 
magnetic layers are magnetized in direction opposite to 
each other in a saturated magnetic field, a relative angle 
in the magnetic directions 0=180° (cos9=-l), and a tunnel 
resistance R=Rs+AR. In the absence of a magnetic field, as 
will be described later, one of the two magnetic layers has 
a magnetic direction fixed as the magnetic layer on the 
fixed side, and the other magnetic layer has a magnetic 
field direction weakly controlled in a domain as the 
magnetic layer on the free side so that the magnetic filed 
direction is orthogonal to a magnetic direction of the 
fixed side-magnetic layer. At this time, a relative angle 
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between the magnetic direction of the two magnetic layers 
is 6=90° (cos9=0), and a tunnel resistance R=R s +0.5xAR. 

That is, when magnetic directions of both magnetic 
layers agree with each other (9=0°), a tunnel resistance 
R-Rs, which is minimum. When magnetic directions of both 
magnetic layers are opposite to each other (9 = 180° ), a 
tunnel resistance Ro=Rs+AR, which is maximum. Accordingly, 
magnetic directions of both magnetic layers are set in the 
absence of a magnetic field to be 9=90°, whereby a 
resistance value changes linearly, centering on a 
resistance value given when 9=90°, and linear outputs can 
be obtained. 

Such phenomenon is attributable to that electrons in 
the ferromagnetic bodies are polarized. Usually electrons 
in a substance are up electrons, whose spin state is 
upward, and down electrons, whose spin state is downward. 
The non-magnetic metal has equal numbers of up electrons 
and down electrons, and does not exhibit magnetism as a 
whole non-magnetic metal. However, the magnetic metal has 
a number of up electrons (Nu P ) and a number of down 
electrons (Ndovm) which are different from each other, and 
exhibits as a whole magnetic metal magnetism (i.e., up 
magnetism or down magnetism) of the electrons whose number 
is larger. 

It is known that electrons tunnel one of the magnetic 
layers on both sides to the other magnetic layer through 
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the thin oxide film, these electrons tunnel with spin 
states of the respective electrons retained. Accordingly, 
when an electron state of the tunneled magnetic layer has 
voids, the tunneling is possible, but the tunneling is 
impossible when the electron state of the tunneled magnetic 
layer has no void. 

As expressed below, a tunnel resistance change ratio 
(AR/R S ) is expressed by using a product of a polarizability 
(also called deflected magnetic susceptibility) of a 
magnetic layer ( to tunnel ) as an electron source and a 
polarizability of a magnetic layer (to be tunneled). 

AR / R s = 2 x Pi x p 2 / ( 1 - Pi x p 2 ) (2) 

where Pi represents a polarizability of one of the magnetic 
layers, and P2 represents a polarizability of the other of 
the magnetic layers. A polarizability P of the magnetic 
layer is expressed as follows. 

P = 2 X ( Nup — Ndown ) / ( Nup + Ndown ) ( 3 ) 

where Nu P represents a number of up electron in the magnetic 
layer, and Ndown represents a number of down electrons in the 
magnetic layer . 

A polarizability P of a magnetic layer depends on a 
kind of a ferromagnetic layer metal. However the magnetic 
layer often has a polarizability of approximately 50% 
depending on a kind, and in this case a tunnel resistance 
change ratio ( AR/Rs ) of tens percent can be expected. 

As the conventionally known magnetoresistance (MR) 
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effect, a resistance change ratio is about 0.6% for 
anisotropic magnetoresistance (AMR) effect, and for giant 
magnetoresistance (GMR) effect, a resistance change ratio 
is some percentage to ten-order percent. The tunnel 
resistance change ratio is remarkably higher in comparison 
with the changes of AMR and GMR, and can be expected to be 
applied to magnetic heads, magnetic sensors, etc. 

As a typical application of GMR to a magnetic head, 
the spin valve structure is known. The applicant of the 
present application has already proposed a TMR (tunnel-MR) 
head having the above-described ferromagnetic tunnel 
junction applied to the spin valve structure. 

The spin valve structure uses a structure in which a 
magnetic metal layer is disposed between two magnetic 
layers, and an anti ferromagnetic layer covers the upper 
surface of one of one of the magnetic layers so as to fix 
a magnetic direction of said one of the magnetic layers. 
As a ferromagnetic tunnel junction, a thin oxide film is 
disposed between two ferromagnetic layers as described 
above . 

FIG. 1A is a sectional view explaining the 
ferromagnetic tunnel structure. The spin valve structure 
having the ferromagnetic tunnel junction typically 
comprises, as exemplified in FIG. 1A, a lower electrode 2 
formed on a silicon substrate 1, a free-side magnetic layer 
3 formed on the lower electrode, a first magnetical metal 
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layer 4 formed on the free-side magnetic layer, an 
insulation layer 5 formed on the first magnetic metal 
layer, a second magnetic metal layer 6 formed on the 
insulation layer, a fixed- side magnetic layer 7 formed on 
the second magnetic metal layer, an ant if erromagnetic layer 
8 formed on the fixed-side magnetic layer, and an upper 
electrode 9 formed on the antif erromagnetic layer 8. 

The lower electrode 2, the free- side magnetic layer 3 
and the first magnetic metal layer 4 form a lower layer 10, 
and the second magnetic metal layer 6, the fixed-side 
magnetic layer 7, the antif erromagnetic layer 8 and the 
upper electrode 9 form an upper layer 12. A barrier layer 
11 of an insulation layer 5 is formed between the lower 
layer 10 and the upper layer 12, isolating both from each 
other. 

Respective members of the spin valve structure are as 
exemplified below. The substrate 1 is formed of silicon. 
The lower electrode 2 and the upper electrode 9 are 
respectively formed of a Ta (tantalum) film and has an 
about 50 nm-thickness. The free-side magnetic layer 3 and 
the fixed-side magnetic layer 7 are respectively formed of 
an NiFe film and has an about 17 nm-thickness. The first 
and the second magnetic metal layers 4, 6 are formed 
respectively of a Co (cobalt) film and has an about 3.3 
nm-thickness. The insulation layer 5 is formed of an Al- 
A1 2 0 3 film and has an about 1.3 nm-thickness. The 




anti ferromagnetic layer 8 is formed of an FeMn film and has 
an about 45 nm-thickness . 

The former NiFe film is one of two ferromagnetic 
layers and is called the free-side magnetic layer ( free 
layer) 3 because its magnetic direction is not fixed. An 
Al-AlO film sandwiched between both Co films 4, 6 provides 
the barrier layer 11 formed of a thin aluminum oxide film, 
which forms the ferromagnetic tunnel junction. The second 
NiFe film is the other ferromagnetic layer and is called 
the fixed-side magnetic layer (pinned layer) 7 because a 
magnetic direction is fixed. The first magnetic metal 
layer 4 makes the same function as the free-side magnetic 
layer 3, and the second magnetic metal layer 6 makes the 
same function as the fixed-side magnetic layer 7. The FeMn 
film exchange-couples with the fixed-side magnetic layer 7 
to fix a magnetic direction of the fixed-side magnetic 
layer and is called an antif erromagnetic layer (pinning 
layer) 8. 

In the structure of such "free-side magnetic layer / 
insulation layer / fixed-side magnetic layer / 
antif erromagnetic layer" , when an external magnetic field 
(e.g., a signal magnetic field from a recording medium) is 
applied, magnetic directions of the free-side magnetic 
layer 3 and the first magnetic metal layer 4 alone are 
rotated. As a result, mainly a relative angle 9 between a 
magnetic direction of the first magnetic metal layer 4 and 
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that of the second magnetic metal layer 6 is changed, and 
a resistance change of the ferromagnetic tunnel junction is 
exhibited. That is, as shown by Formula (1), the tunnel 
resistance of the TMR (tunnel MR) changes depending on a 
magnetic field. 

FIG. IB is a schematic diagram explaining the 
measurement of resistance changes of a magnetic sensor 
using the ferromagnetic tunnel structure shown in FIG. 1A. 
A current source 39 is connected between the upper layer 12 
and the lower layer 10, and certain current is charged. A 
voltage detector 40 is also connected between the upper 
layer 12 and the lower layer 10, and voltage changes 
between both layers are detected. When an external 
magnetic field (e.g., a signal magnetic field) is applied, 
a tunnel resistance of the ferromagnetic tunnel structure 
shown in FIG. 1A changes, and the tunnel resistance change 
is detected by the voltage detector 40 as a voltage change. 

FIG. 2 shows a magnetoresistance effect curve of the 
tunnel structure using such spin valve structure. Based on 
FIG. 2, as an external magnetic field sequentially changes 
from -50 oersted ( Oe ) to -10 ( Oe ) , to 0 ( Oe ) , to +10 ( Oe ) 
and to +50 (Oe), reversible resistance change ratios of 
about 0.0% to about 0.0%, to about 10.0%, to about 20.0% 
and about 20.0% are exhibited. It has been found that the 
tunnel structure having the spin valve structure as shown 
in FIG. 2 exhibits substantially linear resistance change 



ratios of about 0% to 20% in an external magnetic field 
range of -10 (Oe) to +10 (Oe). Resistance change ratios of 
about 0% to 20% are exhibited in an external magnetic field 
range of -30 (Oe) to +30 (Oe). The resistance change 
ratios are converted to data of the logic [0], [1], whereby 
the resistance change ratios can be used in digital logic 
circuits . 

However, in applying the tunnel structure having the 
spin valve structure to the magnetic sensor of a magnetic 
head, magnetic encoder or others, in a case that a device 
height h is too small, rotation of magnetic directions is 
often difficult near the edge of the device, which leads to 
a disadvantage that a sensitivity of the magnetic sensor is 
lowered . 

In a case that practical device dimensions are in the 
order of some microns x some microns, when a device height 
h is decreased, static magnetic coupling of the fixed-side 
magnetic layer to the free-side magnetic layer becomes 
relatively stronger, and a magnetic direction of the 
free-side magnetic layer tends to be anti-parallel with a 
magnetic direction of the fixed-side magnetic layer, which 
makes it difficult for the magnetic direction to rotate in 
a direction of easy rotation. As a result, a sensitivity 
of the magnetoresistance effect device is lowered. 

On the other hand, hard disk devices are prevalently 
used in electronic apparatuses because of their high speed 



of reading and writing data and large storage capacities. 

The recent increase of storage capacities of the hard 
disk devices is remarkable, but further storage capacity 
increase is required. 

To realize larger storage capacities of the hard disk 
devices it is an essential requirement that magnetic 
storage medium, i.e., magnetic disk mediums have higher 
recording densities. Recording density increase makes a 
recording bit of the magnetic recording medium smaller. It 
is necessary that the magnetic head is accordingly 
micronized, and the detection sensitivity is higher. 

Recently, as a magnetic head of high detection 
sensitivity GMR (Giant Magneto-Resistance effect) head is 
proposed. 

The GMR head is a magnetic head using the phenomenon 
that when an external magnetic field is applied to a layer 
film having a magnetic layer / a non-magnetic layer / a 
magnetic layer structure, an electric resistance of the 
layer film changes due to a difference between magnetized 
angles of the two magnetic layers, i.e., the GMR effect. 

The GMR effect will be explained with reference to 
FIG. 3. FIG. 3 is a conceptual view of the GMR effect. 

As shown in FIG. 3, the layer film 310 producing the 
GMR effect has the non-magnetic layer 316 sandwiched 
between the magnetic layer 314 and the magnetic layer 318. 
9 A indicates a magnetized angle of the magnetic layer 314. 
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9 2 indicates a magnetized angle of the magnetic layer 318. 
The magnetic layer 314 is magnetized at a magnetization 
vector Mi, and the magnetic layer 318 is magnetized at a 
magnetization vector M2. 

As shown in FIG. 3, a magnetic field is applied to the 
layer film 310 from the outside, a magnetized angle of the 
magnetic layer 314 becomes, e.g., 0 1 and a magnetized angle 
of the magnetic layer 318 becomes, e.g., 0 2 . 

When a difference between a magnetized angle 0 X and a 
magnetized angle 0 2 is 8, 

e = e 2 - e x 

When an electric resistance at the time that no 
magnetic field is applied from the outside is R*, an 
electric resistance R at the time that a magnetic field is 
applied from the outside is expressed by 

R = R 8 + 0 . 5 x AR ( 1- cosAe ) 
where AR is a constant which is different for materials of 
the layer film 310. 

A value represented by 

AR / Rs x 100 (%) 
is called an MR ratio. When the magnetic layer 314 is 
formed of, e.g., Co layer, the non-magnetic layer 316 is 
formed of, e.g., Cu layer, and the magnetic layer 318 is 
formed of, e.g., Co layer, the MR ratio is about 5 - 10%. 

In using the layer film producing such GMR effect to 
a magnetic head, generally a structure called a spin valve 
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is used. The spin valve structure is published in the 
specification of Japanese Patent Laid-Open Publication No. 
358310/1992. 

The spin valve structure will be explained with 
reference to FIG. 4. FIG. 4 is a sectional view showing a 
layer film of the spin valve structure. 

As shown in FIG. 4, the layer film 410 of the spin 
valve structure is formed of a magnetic layer 414, a 
non-magnetic layer 416 and a magnetic layer 418, and an 
antif erromagnetic layer 420. 

In the layer film of the three-layer structure simply 
formed of the magnetic layer 414, the non-magnetic layer 
416 and the magnetic layer 418, a magnetic direction of the 
magnetic layer 414 and that of the magnetic layer 418 
substantially agree with each other due to an external 
magnetic field, and a magnetized angle difference between 
a magnetized angle of the magnetic layer 414 and that of 
the magnetic layer 418 is very small. 

Then, the layer film 410 of the spin valve structure 
has the antif erromagnetic layer 420 formed on the magnetic 
layer 418. The antif erromagnetic layer 420 fixes only a 
magnetic direction of a magnetic direction of the magnetic 
layer 418 contacting the antif erromagnetic layer 420. A 
magnetic direction of the magnetic layer 414 alone freely 
rotate corresponding to an external magnetic field. The 
magnetic layer 418, whose magnetic direction is fixed, is 
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called a fixed layer, and the magnetic layer 414, whose 
magnetic direction freely rotates, is called a free layer. 

A magnetic direction of the magnetic layer 418 is 
fixed constant, and a magnetic direction of the magnetic 
layer 414 is freely rotated by an external magnetic field, 
whereby an electric resistance R of the layer film 410 is 
changed corresponding to an external magnetic field. 

Next, an operational principle of the magnetic head 
using the spin valve structure will be explained with 
reference to FIG. 5. FIG. 5 is a perspective view of the 
magnetic head using the spin valve structure, which shows 
the operational principle thereof. 

As shown in FIG. 5, the layer film 410 of the spin 
valve structure formed of the free layer 414, the 
non-magnetic layer 416, the field layer 418 and the 
antiferromagnetic layer 420 is used as a core 400, and 
terminals 402 are formed on both ends of the core 400. 

A magnetized angle B x of the free layer 414 is freely 
changed corresponding to a magnetic field 404 from a 
recording bit 332 of a magnetic storage medium, but an 
magnetized angle 6 2 of the fixed layer 418 remains fixed. 
Thus, a difference between a magnetized angle B 1 of the free 
layer 414 and the magnetized angle 9 2 of the fixed layer 48 
can be made large, and electric resistance changes of the 
core 400 at the time that the recording bit 332 comes 
nearer can be larger. 
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However, as a magnetic record medium has higher 
recording density, a track width d x is accordingly- 
decreased. A core width d 2 of the magnetic head must be 
decreased to correspond to a decreased track width d x . To 
this end, simply decreasing a core width d 2 makes electric 
resistance changes of the core 400 smaller, which leads to 
lower detection sensitivity. Accordingly, when a core 
width d 2 is decreased, a height h of the core 400 as well 
must be decreased. 

However, when a height h of the core 400 is decreased, 
as shown in FIG. 6 a magnetic direction on the side of a 
signal detection plane 430 of the core 400 is not easily 
changed near the upper part of the core 400 under the 
influence of the demagnetizing field, and electric 
resistance changes of the core 400 are small. FIG. 6 
indicates magnetic directions of the free layer 414 by the 
arrows when a height of the core 400 is, e.g., 5 urn. The 
region enclosed by the ellipse is a region where a 
magnetized angle Q 1 becomes above a certain angle. As shown 
in FIG. 6, the region where a magnetized angle B 1 becomes 
above a certain angle, and additionally the magnetized 
angle Q x is small. 

Thus, the proposed magnetic head of the spin valve 
structure has the detection sensitivity much lowered when 
smaller-sized, and has found it difficult to adapt itself 
to higher density of the magnetic storage mediums. 
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In consideration of the above-described problems, a 
first object of the present invention is to provide a novel 
magnetic sensor, a magnetic head, and an encoder. 

A second object of the present invention is to provide 
a magnetic sensor, a magnetic head and an encoder which 
have the tunnel junction, ensure rotation of magnetic 
directions of the free-side magnetic layer, and have good 
sensitivity. 

A third object of the present invention is to provide 
a magnetic head which is adaptable to higher density of 
magnetic record mediums, and a hard disk device of a large 
storage capacity using the magnetic head. 

[DISCLOSURE OF THE INVENTION] 

The above-described objects are achieved by a magnetic 
sensor including a ferromagnetic tunnel junction, 
comprising: a free layer a magnetic direction of which 
freely rotates; and a barrier layer formed on the free 
layer and having a smaller thickness in a first region, a 
region of the free layer corresponding to the first region 
functioning as a sensor portion for sensing an external 
magnetic field. Rotation of magnetic directions in the 
free layer in a region corresponding to the first region 
can be secured enough. The magnetic sensor can have good 
sensitivity. 

In the above-described magnetic sensor it is possible 
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that the barrier layer is formed by oxidizing the surface 
of a metal . 

In the above-described magnetic sensor it is possible 
that further comprising: a fixed layer formed on the 
barrier layer; and a anti ferromagnetic layer formed on the 
fixed layer and fixing a magnetic direction of the fixed 
layer. 

In the above-described magnetic sensor it is possible 
that the free layer in a region where the fixed layer is 
not formed is bent away from the fixed layer. 

The above-described objects are achieved by a magnetic 
head comprising the magnetic sensor. Magnetic heads of 
high sensitivity can be provided. 

The above-described objects are achieved by a magnetic 
encoder comprising the magnetic sensor. Magnetic encoders 
of high sensitivity can be provided. 

The above-described objects are achieved by a magnetic 
head comprising a ferromagnetic tunnel junction element 
including a free layer a magnetic direction of which freely 
rotates, and a fixed layer which is opposed to one surface 
of the free layer through a barrier layer and a magnetic 
direction of which is fixed by a anti ferromagnetic layer 
which is adjacent thereto, the free layer being connected 
to a member of high permeability. Magnetic heads which are 
adaptable to high recording density of magnetic storage 
mediums can be provided. 

- 18 - 



In the above-described magnetic head it is possible 
that the free layer is connected to the member of high 
permeability in a region spaced from a signal detection 
surface. 

In the above-described magnetic head it is possible 
that the free layer is connected smoothly to the member of 
high permeability, neighboring the same. 

In the above-described magnetic head it is possible 
that the member of high permeability is a shield layer 
formed, spaced from the ferromagnetic tunnel junction 
element . 

In the above-described magnetic head it is possible 
that a thickness of the barrier layer near the edge of the 
fixed layer is larger than a thickness of the barrier layer 
near a central part of the fixed layer. 

In the above-described magnetic head it is possible 
that the free layer is formed wider in a region spaced from 
the signal detection surface. 

In the above-described magnetic head it is possible 
that the fixed layer is not exposed to the signal detection 
surface. 

In the above-described magnetic head it is possible 
that the member of high permeability is grounded. 

In the above-described magnetic head it is possible 
that the free layer in a region which is not opposed to the 
fixed layer is bent away from the fixed layer. 
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In the above-described magnetic head it is possible 
that the ferromagnetic tunnel junction element further 
includes another fixed layer which is opposed to the free 
layer through another barrier layer formed on the other 
surface of the free layer, a magnetic direction of said 
another fixed layer being fixed by another 
antif erromagnetic layer which is adjacent thereto. 

The above-described objects are achieved by a hard 
disk device comprising the magnetic head. Hard disk 
devices of large storage capacities can be provided. 

The above-described objects are achieved by a disk 
array device comprising a plurality of the hard disk 
devices. Disk array devices of large storage capacities 
can be provided . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIGs. 1A and IB are views explaining the ferromagnetic 
tunnel structure. FIG. 1A shows a layer structure having 
the ferromagnetic tunnel structure, and FIG. IB is a 
schematic view explaining measurement of resistance changes 
of the ferromagnetic tunnel structure shown in FIG. 1A. 

FIG. 2 is a graph of magnetic field - resistance 
characteristics of the tunnel junction shown in FIG. 1. 

FIG. 3 is a conceptual view of the GMR effect. 

FIG. 4 is a sectional view of a layer film of a spin 
valve structure. 
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FIG. 5 is a perspective view explaining an operational 
principle of a magnetic head using the spin valve 
structure. 

FIG. 6 is a schematic view of magnetic directions of 
the free layer at the time when a recording bit comes near. 

FIGs. 7A and 7B are views explaining a constitution of 
a spin valve element including the spin valve structure 
having a tunnel junction. FIG. 7A shows a spin valve 
element according to a first embodiment of the present 
invention, and FIG. 7B shows the previously proposed spin 
valve element as a control . 

FIG. 8 is a view showing a constitution of the 
magnetic sensor according to the first embodiment of the 
present invention. 

FIG. 9 is views explaining a first method for 
fabricating the magnetic sensor shown in FIG. 8 (Part 1). 

FIG. 10 is views explaining the first method for 
fabricating the magnetic sensor shown in FIG. 8 (Part 2). 

FIG. 11 is views explaining a second method for 
fabricating the magnetic sensor shown in FIG. 8 (Part 1). 

FIG. 12 is views explaining the second method for 
fabricating the magnetic sensor shown in FIG. 8 (Part 2). 

FIG. 13A is a view showing a magnetic sensor, FIG. 13B 
is a view of an equivalent circuit of the magnetic sensor, 
and FIG. 13C is a view explaining a mask used in the 
magnetic sensor fabrication. 
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FIG. 14A is a view showing output characteristics of 
the magnetic sensor, and FIG. 14B is a view explaining an 
operational principle of the magnetic sensor. 

FIG. 15A is an equivalent circuit used in explaining 
an operational principle of the magnetic sensor, and FIG. 
15B is a view showing output characteristics of the 
magnetic sensor. 

FIG. 16A is a view of an actual magnetic encoder, and 
FIG. 16B is an enlarged view of a magnetic sensor of the 
magnetic encoder. 

FIG. 17 is sectional views of the magnetic head 
according to a second embodiment of the present invention. 

FIG. 18 is a schematic view of magnetic directions of 
the free layer at the time when a record bit comes near. 

FIG. 19 is a sectional view of an example of the 
magnetic head according to the second embodiment of the 
present invention ( Example 1 ) . 

FIG. 20 is a sectional view of another example of the 
magnetic head according to the second embodiment of the 
present invention ( Example 2 ) . 

FIG. 21 is sectional views of further another example 
of the magnetic head according to the second embodiment of 
the present invention ( Example 3 ) . 

FIG. 22 is a sectional view of the magnetic head 
according to a third embodiment of the present invention. 

FIG. 23 is a side view of the magnetic head according 
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to a fourth embodiment of the present invention. 

FIG. 24 is a plan view of the magnetic head according 
to a fifth embodiment of the present invention. 

FIG. 25 is a plan view of an example of the magnetic 
head according to the fifth embodiment of the present 
invention. 

[BEST MODES FOR THE CARRYING OUT THE INVENTION] 
(A First Embodiment) 

The magnetic sensor according to a first embodiment of 
the present invention, and an embodiment of a method for 
fabricating the magnetic sensor will be explained with the 
drawings attached hereto. In the drawings the same members 
are represented by the same reference number not to repeat 
explanation . 

(Magnetic Sensor) 

Here, a typical example of the magnetic sensor will be 
explained by means of the magnetic sensor having the spin 
valve structure. FIG. 7A is a view of a structure of the 
magnetic sensor according to the present embodiment, which 
has the spin valve structure and uses a tunnel junction. 
FIG. 7B shows, as a control, the structure of the magnetic 
sensor having the previously proposed spin valve structure. 

As shown in FIG. 7A, the magnetic sensor according to 
the present embodiment has a tunnel junction of the spin 
valve structure disposed between a lower magnetic electrode 
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2 and an upper magnetic electrode 9. The. spin valve 
structure has a layer structure including a barrier layer 
11 disposed between the lower layer 10 and the upper layer 
12. 

As will be detailed with reference to FIG. 8, this 
spin valve structure generally includes at least a magnetic 
layer on the free-side as the lower layer 10 and a first 
magnetic metal layer, and, as the upper layer 12, at least 
a second magnetic metal layer, a magnetic layer on the 
fixed-side and an antimagnetic layer. A thin insulation 
layer as the barrier layer 11 is disposed between the two 
magnetic metal layers. As shown in FIG. 8, a sensor 
portion 13 is formed in a region near the central part of 
the spin valve structure. 

As an external magnetic field, a signal magnetic field 
Hsig from a storage medium, such as a magnetic disk, is 
applied from below as viewed in the drawing to rotate 
magnetic directions of the free-side magnetic layer. 

One characteristic of the magnetic sensor according to 
the present embodiment is that, as shown in FIG. 7A, the 
senor portion 13 for a signal magnetic field is limited to 
a part of the substantially central part of the tunnel 
junction having the spin valve structure (a region L x hs of 
a part of the magnetic layers ) . 

As will be explained later, a size of the region of 
the sensor portion 13 is substantially equal to a size (h 
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x L) of a region of the magnetic layers of the magnetic 
sensor which will be explained with reference to FIG. 7B. 
Accordingly, in the magnetic sensor according to the 
present embodiment the magnetic layers contain the sensor 
portion 13 at a part thereof, and a size of the magnetic 
layers is larger relative to that of the magnetic layers of 
the conventional magnetic sensor shown in FIG. 7B. 

In the structure of the magnetic sensor having the 
previously proposed spin valve structure shown in FIG. 7B, 
the spin valve structure is disposed between a lower 
magnetic pole 20 and an upper magnetic pole 90. The layer 
structure of this conventional spin valve structure is the 
same as that of the spin valve structure shown in FIG. 7A, 
and includes a barrier layer 110 disposed between a lower 
layer 100 and an upper layer 120. The lower layer 100 and 
the upper layer 120 have the same layer structures as those 
explained with reference to FIG. 7A. 

Similarly, a signal magnetic field Hsi g from a record 
medium, such as a magnetic disk as an external magnetic 
field is applied from below as viewed in the drawing to 
rotate magnetic directions of the free-side magnetic layer. 
In the magnetic sensor having the conventional spin valve 
structure, a sensor portion 130 for a signal magnetic field 
Hsig is a part sandwiched by two insulation layers 150-1, 
150-2 (the entire magnetic layers, i.e., h x L). 

The magnetic sensor according to the present 
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embodiment shown in FIG. 7 A and the previously proposed 
magnetic sensor shown in FIG. 7B will be compared with each 
other. The sizes of both sensor portions 13, 130 are 
substantially equal to each other. However, the sensor 
portion 13 of the former (the present embodiment) is 
limited to a region which is a part of the magnetic layers 
while the sensor portion 130 of the latter (Control) is the 
entire magnetic layers. This is a difference between the 
two magnetic sensors . 

The magnetic sensor 13 according to the present 
embodiment can set the sensor portion 13 at an arbitrary 
part of the magnetic layers by using the structure shown in 
FIG. 7A. Here, it is most preferable to set the sensor 
portion 13 near the substantially central part of the 
magnetic layers where magnetic directions of the free-side 
magnetic layer (one layer of the lower layer 10) can most 
easily rotate. Otherwise, the sensor portion 13 may be 
formed at a part of the magnetic layers which is as near a 
measured signal magnetic field as possible. Otherwise, the 
sensor portion 13 may be formed at a portion where magnetic 
directions of the magnetic layer can easily rotate. 

In the magnetic sensor according to the present 
embodiment, because the sensor portion 13 is a part of the 
substantially central part of the magnetic layers, 
respective magnetic domains of the sensor portion 13 can 
freely rotate free from influence of a dimension of the 
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height of "the magnetic layers in the direction of the 
device height h. That is, because a height he of the sensor 
portion 13 is a part of a height h of the magnetic layers, 
the magnetic domains can freely rotate corresponding to 
external signal magnetic fields Hsi g even near the edge of 
the sensor portion 13. Furthermore, because the magnetic 
layers are larger for the size of the sensor portion, 
influences, antimagnetic fields, etc. due to a device 
configuration can be decreased . 

In contrast to this, in the previously proposed 
magnetic sensor (see FIG. 7B ) , the entire region of the 
free-side magnetic layer is the sensor portion 130, whereby 
respective magnetic domains of the sensor portion 130 do 
not easily rotate under influence of a dimension h (=hs) in 
the direction of the height of the magnetic layers. 

FIG. 8 is a detailed sectional view of the magnetic 
sensor according to the present embodiment shown in FIG. 
7A. A layer structure of the magnetic sensor includes a 
substrate 1, a lower layer 10 formed on the substrate, and 
a barrier layer 11 formed on the lower layer, and an upper 
layer 12 formed on the barrier layer. 

The lower layer 10 includes a lower electrode 2, a 
free-side magnetic layer (a lower layer and free layer) 3, 
and a first magnetic metal layer 4 formed on the free-side 
magnetic layer. The barrier layer 11 includes an 

insulation layer 5. The upper layer 12 includes a second 
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magnetic metal layer 6 formed on the insulation layer 5, a 
fixed- side magnetic layer 7 formed on the second magnetic 
metal layer, an antif erromagnetic layer 8 formed on the 
fixed-side magnetic layer, and an upper electrode 9 formed 
on the antif erromagnetic layer. 

The insulation layer 5 has a region at a part of the 
central part thereof, which has a film thickness reduced 
relative to a film thickness of the rest part thereof. 
Accordingly, the second magnetic metal layer 6 formed on 
the insulation film 5 has a flat upper surface but a 
central portion of corresponding to the thickness-reduced 
central part of the insulation film 5, which increases a 
thickness downward in comparison with the rest part 
thereof, forming a downward convexity. The concavity 
formed in the insulation film 5 is some angstroms. A 
region corresponding to the central concavity (concave 
region) 16 forms the sensor portion 13, which has been 
explained with reference to FIG. 7A. 

The respective members of the magnetic sensor will be 
explained. 

The substrate 1 is formed of preferably an Si 
substrate with a natural oxide film formed on. 

The lower electrode 2 is formed of preferably an about 
50 nm-thickness Ta film. 

The free-side magnetic layer 3 is formed of preferably 
an about 17 nm-thickness NiFe film. 
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The first magnetic metal layer 4 is formed of 
preferably an about 3.3 nm-thickness Co film. 

The insulation film 5 is formed of a some angstroms 
(A) to tens A thickness aluminum oxide film. In the 
present embodiment, the concave portion 16 is formed of an 
about 1 . 3 nm-thickness aluminum oxide film and the rest 
part is formed of an about 3.3 nm-thickness aluminum oxide 
film. 

The second magnetic metal layer 6 is formed of 
preferably an about 3.3 nm-thickness Co film as is the 
first magnetic metal layer 4. The first and the second 
magnetic metal layers 4, 6, the Co film of which have 
higher polarizability than that of the NiFe film (of the 
free-side magnetic layer 3 or the fixed-side magnetic layer 
7), are provided to lay the Co film on the free-side 
magnetic layer 3 or the fixed-side magnetic layer 7 to 
thereby attain high MR ratio. 

The fixed-side magnetic layer 7 is formed of 
preferably an about 17 nm-thickness NiFe film, as is the 
free-side magnetic layer 3. 

The antif erromagnetic layer 8 is formed of preferably 
an about 50 nm-thickness FeMn film. 

The upper electrode 9 is formed of preferably an about 
50 nm-thickness Ta film, as is the lower electrode 2. 

The magnetic sensor according to the present 
embodiment uses TMR ( tunnel MR ) provided by applying a 
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ferromagnetic tunnel junction to a spin valve structure. 
The spin valve structure has the Co layers 4, 6 disposed 
between two magnetic layers (i.e., the free-side magnetic 
layer 3 and the fixed-side magnetic layer 7), and the 
antiferromagnetic layer 8 provided on the upper surface of 
the fixed-side magnetic layer 7 so as to fix a magnetic 
direction of the fixed-side magnetic layer 7 and the second 
magnetic metal layer 6 alone. The ferromagnetic tunnel 
junction has the thin oxide film 5 as the barrier layer 11 
disposed between the two ferromagnetic layers 3, 7 (more 
specifically the first and the second magnetic metal layers 
4, 6). 

The function of the magnetic sensor according to the 
present embodiment will be explained. The insulation layer 
5 has a reduced thickness at the sensor portion 13, which 
is smaller relative to that of the rest part thereof. 
Tunnel resistance R in the direction of thickness of the 
insulation layer 5 much depends on a thickness of the 
insulation layer 5 as expressed below. 

R oc t x exp[t] (4) 

where t represents a thickness of the insulation layer. 

Accordingly, when direct current is applied between 
the lower electrode 2 and the upper electrode 9, tunnel 
current 18 flows concentratedly through the region where 
the insulation layer 5 is thin. That is, the direct 
current flows from the upper electrode 9 to the lower 
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electrode 2 through regions of the respective layers from 
the antiferromagnetic layer 8 to the free-side magnetic 
layer 3, which (regions) correspond to the 
thickness-reduced region 16 of the insulation layer 5 . 
Consequently, the regions corresponding to the concavity 16 
having the reduced thickness substantially functions as the 
sensor portion 13 . 

As described above, in the ferromagnetic tunnel 
junction, a tunnel resistance R can be expressed by the 
formula (1) when a relative angle between magnetic 
directions of the magnetic layers on both sides is 
represented by 6. That is, magnetic directions of the 
free-side magnetic layer 3 and the magnetic metal layer 4 
rotate corresponding to an external signal magnetic field 
Hsig, and a tunnel resistance R, which is determined by a 
relative angle 9 between magnetic directions of the 
magnetic metal layers 4, 6 on both sides, changes. As 
explained with reference to FIG. IB, when a certain direct 
current is applied between the lower electrode 2 and the 
upper electrode 9, a corresponding tunnel resistance R can 
be detected as a voltage value. Thus, the magnetic sensor 
can detect the external signal magnetic field Hsig. 

As shown in FIGs. 8 and 7A, the sensor portion 13 is 
formed in a partial region of the magnetic layers. 
Preferably, the sensor portion 13 is formed substantially 
at the central part of the magnetic layers. A size of the 
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sensor portion 13 is the same as that of the magnetic layer 
region (i.e., the sensor portion 130 in FIG. 7B) of the 
above-proposed magnetic sensor. Accordingly, the sensor 
portion 13 can be formed at a proximal location in the 
magnetic layer region. Otherwise, the sensor portion 13 
can be formed substantially at the central part of the 
magnetic layers. Otherwise, the sensor portion 13 can be 
formed at a location which is near a measured signal 
magnetic field as much as possible. Consequently, in the 
free-side magnetic layer 3, magnetic directions can rotate 
in respective magnetic domains without influence of the 
edges of the magnetic layers. 

(Method for Fabricating the Magnetic Sensor) 
The method for fabricating the magnetic sensor 
explained with reference to FIGs. 7A and 8 will be 
explained with reference to FIG. 9A to FIG. 12C. The 
method for fabricating the magnetic sensor is varied by 
different methods for forming the thin insulation layer 
region. A first fabrication method will be explained with 
reference to FIG. 9A to FIG. 10C, and a second fabrication 
method will be explained with reference to FIG. 11A to FIG. 
12C. 

(A First Fabrication Method) 

FIG. 9A to FIG. 10C are views continuously explaining 
the first fabrication method. 

As shown in FIG. 9A, an Si substrate 1 with a natural 
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oxide film formed on is prepared. An about 50 nm-thickness 
Ta film is formed on the substrate 1 by sputtering. The Ta 
film functions as the lower electrode 2 when the device is 
completed. An about 17 nm-thickness NiFe film is formed on 
the lower electrode 2 with an about 300 (Oe) magnetic field 
being applied, and furthermore, an about 3.3 nm-thickness 
Co film is formed. When the device is completed, the 
free-side magnetic layer (the lower layer, the free layer) 
3 of the NiFe film, and the first magnetic metal layer 4 of 
the Co film function as the free layer. 

As shown in FIG. 9B, a resist 19 is applied to the 
sensor portion 13, and then, an about 2.0 nm-thickness Al 
film 5-0 which is to function as the insulation layer 5 is 
formed on the resist 19 and the first magnetic metal layer 
4. 

As shown in FIG. 9C, the surface of the Al film is 
oxidized by plasma oxidation to form a first aluminum oxide 
film 5-1 (i.e., A1-A1 2 0 3 film). Then, the resist 19 is 
removed. The aluminum oxide film is to be the thin 
insulation film 5, which will function as the tunnel 
barrier after the device is completed. 

As shown in FIG. 9D, again an about 1.3 nm-thickness 
Al film is formed. Similarly, the surface of the Al film 
is oxidized by plasma oxidation to form the second aluminum 
oxide film 5-2. Thus, the insulation film 5 of the first 
aluminum oxide film 5-1 and the second aluminum oxide film 
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5-2 has an about 1.3 nm-thickness at the sensor portion 13 
and an about 3.3 nm-thickness at the rest part. The region 
of the insulation film 5 which has the reduced thickness 
functions as the tunnel barrier after the device is 
completed . 

As shown in FIG. 10A, a 3.3 nm-thickness Co film is 
formed on the thin insulation film 5. 

Then, an about 17 nm-thickness NiFe film is formed on 
the Co film. Furthermore, an about 50 nm-thickness FeMn 
film is formed. When the device is completed, the second 
magnetic metal layer 6 of the Co film and the fixed-side 
magnetic layer 7 of the NiFe film are the pin layer (fixed 
layer), and the FeMn film functions as the 
ant i ferromagnetic layer 8. 

As shown in FIG. 10B, part except the device portion 
is removed by ion milling, RIE (reactive ion etching) or 
others, and the insulation layers 15-1, 15-2 are formed a 
the removed part. Then, an about 50 nm-thickness Ta film 
is formed on the insulation layers 15-1, 15-2 and the 
ant i ferromagnetic layer 8. The Ta film functions as the 
upper electrode 9 when the device is completed. The 
insulation layers 15-1, 15-2 are provided for prohibiting 
the upper electrode 9 and the lower electrode 2 from 
contacting each other directly or via the edge surfaces. 

As shown in FIG. 10C, in the thus-fabricated magnetic 
sensor, when sense current (a certain direct current) 17 is 
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applied from the upper electrode 9 to te lower electrode 2, 
tunnel current passing through the insulation film 5 of 
aluminum oxide flows concentratedly on the relatively thin 
portion. This portion functions as the sensor portion 13. 
The thickness reduced portion can be formed at an arbitrary 
part within the magnetic layers, preferably at 
substantially central part of the free-side magnetic layer 
3 where magnetic domains of the free-side magnetic layer 3 
can most easily rotate, whereby smooth rotation of the 
magnetic domains can be ensured. 

(A Second Fabrication Method) 

FIGs. 11A to 12C are view continuously explaining a 
second fabrication method of the magnetic sensor. The 
second fabrication method is different from the first 
fabrication method in the steps of forming the thin 
insulation film. 

As shown in FIG. 11A, an Si substrate 1 with a natural 
oxide film formed on is prepared. An about 50 nm-thickness 
Ta film is formed on the substrate 1 by sputtering. The Ta 
film functions as the lower electrode 2 when the device is 
completed. An about 17 nm-thickness NiFe film is formed on 
the lower electrode 2 with an about 300 (Oe) magnetic field 
being applied, and furthermore, an about 3.3 nm-thickness 
Co film is formed. When the device is completed, the 
free-side magnetic layer 3 of the NiFe film, and the first 
magnetic metal layer 4 of the Co film function as the free 




layer. The steps up to here are the same as those of the 
first fabrication method. 

As shown in FIG. 11B, a resist 21 is applied to the 
sensor portion 13. Then, an about 2.0 nm-thickness first 
A1 2 0 3 film 5-1 is formed on the resist and the first 
magnetic metal layer 4. 

As shown in FIG. 11C, the resist 21 is removed, and 
then an about 1.3 nm-thickness Al film is formed, and the 
surface of the Al film is oxidized by plasma oxidation to 
form an aluminum oxide film (a second Al 2 0 3 film) 5-2. 
Thus, the insulation layer 5 formed of the first aluminum 
oxide film 5-1 and the second aluminum oxide film 5-2 has 
an about 1.3 nm-thickness at the sensor portion 13 and an 
about 3.3 nm-thickness at the rest part. The partially 
thickness reduced part of the insulation film 5 functions 
as the tunnel barrier when the device is completed. 

Then, the same fabrication steps as those of the first 
fabrication method follow. That is, as shown in FIG. 12A, 
an about 3.3 nm-thickness Co film as the second magnetic 
metal layer 6 is formed on the thin insulation film 5 . 
Then, an about 17 nm-thickness NiFe film 7 as the 
fixed-side magnetic layer 7 is formed on the second 
magnetic metal layer 6. Furthermore, an about 50 

nm-thickness FeMn film as the antif erromagnetic layer 8 is 
formed on the fixed-side magnetic layer 7. 

As shown in FIG. 12B, the part except the device part 
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is removed by ion milling, RIE or other technique, and an 
insulation layers 15-1, 15-2 are formed at the removed 
part. Then, an about 50 nm-thickness Ta film as the upper 
electrode 9 is formed on the insulation layers 15-1, 15-2 
and the anti ferromagnetic layer 8. 

In the thus- fabricated magnetic sensor, when sense 
current (a certain direct current) 17 is applied from the 
upper electrode 9 to te lower electrode 2, tunnel current 
passing through the insulation film 5 of aluminum oxide 
flows concentratedly on the relatively thin sensor portion 
13. This portion functions as the sensor portion 13. The 
thickness reduced portion can be formed at an arbitrary 
part within the magnetic layers, preferably at 
substantially central part where magnetic domains of the 
free-side magnetic layer 3 can most easily rotate, whereby 
smooth rotation can be ensured in these magnetic domains. 

(Application Example to Magnetic Head) 

The above-described magnetic sensor is typically 
applicable to magnetic heads. Recently as a magnetic head, 
a composite-type magnetic head using as the magnetic head 
an inductive head for recording, and a GMR head for 
reproduction which are integrated with each other has been 
developed and is practically used. 

The GMR head typically has the spin valve structure 
(but has no tunnel junction). In place of the GMR head of 
the composite- type magnetic head, the magnetic sensor of 
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the spin valve structure having the above-described tunnel 
junction is applicable as it is. 

(Other Application Examples) 

An example of the application of the magnetic sensor 
according to the present invention to a magnetic encoder 
will be explained, 

FIG. 13A is a view showing the magnetic sensor 50 
according to the present invention, which is applied to a 
magnetic encoder. The magnetic sensor 50 includes an 
electric source terminal V, a ground terminal GND, an 
output A-terminal A-OUT and an output B-terminal B-OUT. As 
the magnetic sensor 50, a first ferromagnetic tunnel 
junction element TMRi is jointed inserted between the 
electric source terminal V and the output A-terminal A-OUT, 
a second ferromagnetic tunnel junction element TMR2 is 
inserted between the electric source terminal V and the 
output B-terminal B-OUT, a third ferromagnetic tunnel 
junction element TMR3 is inserted between the ground 
terminal GND and the output A-terminal A-OUT, and a fourth 
ferromagnetic tunnel junction element TMR4 is inserted 
between the ground terminal GND and the output B-terminal 
B-OUT. 

Each of the ferromagnetic tunnel junction elements 
(i.e., TMRi to TMR4) has 6 tunnel junctions (51-1 to 51-6, 
52-1 to 52-6, 53-1 to 53-6, 54-1 to 54-6) which are 
serially connected. Each of the tunnel junctions 51-1 to 
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54-6 has an about 50 urn x 50 urn junction area. 

FIG. 13B is a circuit diagram equivalent to the 
magnetic sensor 50 shown in FIG. 13A. 

A method for fabricating the magnetic sensor shown in 
FIG. 13A will be briefly explained. First, using the mask 
shown in FIG. 13C an about 17 nm-thickness NiFe film as the 
free-side magnetic layer is formed, and continuously, an 
about 3.3 nm-thickness Co film is formed as a first 
magnetic metal layer. 

The mask is replaced, and then an about 1.3 
nm-thickness Al film is formed as an insulation layer, and 
the surface of the Al film is oxidized. The oxidation is 
performed by the plasma oxidation explained in the first 
and the second fabrication methods to form a thinner oxide 
film at the sensor portion and a relatively thick oxide 
film in the rest region. The oxidation may be performed 
by, e.g., natural oxidation. 

After the formation of the oxide film, the mask is 
replaced, and an about 3.3 nm-thickness Co film as a second 
magnetic metal film is formed, an about 17 nm-thickness 
NiFe film as a fixed-side magnetic layer is formed, and an 
about 45 nm-thickness FeMn film as an antif erromagnetic 
layer is formed. Furthermore, an about 8 nm-thickness Ta 
film as an upper electrode is formed. Thus, the magnetic 
encoder can be formed of the same layer structure as the 
spin valve-type magnetic sensor and can be fabricated by 
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the same fabrication steps as the spin valve-type magnetic 
sensor . 

Next, the operation of the magnetic encoder will be 
explained . 

FIG. 14A is a view schematically showing a 
magnetoresistance curve of the magnetic encoder shown in 
FIG. 13A. As explained with reference to Formula (1), a 
magnetic direction Mu Ppe r of the upper layer 12 of the 
ferromagnetic tunnel junction element TMR is fixed by the 
antif erromagnetic layer ( FeMn film) 8 so that a magnetic 
direction Miower of the lower layer 10 is orthogonal to a 
magnetic direction Miower of the lower layer 10. As shown in 
FIG. 14A, when an external magnetic field is applied to the 
ferromagnetic tunnel junction element TMR in the same 
direction as a magnetic direction Mu PP er of the upper layer 
12 (i.e., an external magnetic field -H), a magnetic 
direction Mu PP er of the upper layer 12 and that Miower of the 
lower layer 10 are parallel with each other in the same 
direction. That is, a relative angle 9 between the two 
magnetic directions is 0° , and, based on Formula (1), a 
resistance value of the ferromagnetic tunnel junction 
element TMR is minimum, and R=R S . A minimum resistance 
value at this time is represented by Rl. 

When an external magnetic field is zero for the 
ferromagnetic tunnel junction element TMR , a magnetic 
direction Miower of the lower layer 10 rotates, and a 
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relative angle 6 between magnetic directions of the upper 
layer 12 and the lower layer 10 is 90°. Based on Formula 
(1), a resistance value of the ferromagnetic tunnel 
junction element TMR is R=R s +0.5xAR. A resistance value 
given when an external magnetic field is zero is 
represented by Ro. 

When an external magnetic field is applied to the 
ferromagnetic tunnel junction element TMR in a direction 
opposite to a magnetic direction Mu Pper of the upper layer 12 
(i.e., an external magnetic field H), a magnetic direction 
Miower of the lower layer 10 rotates, and a magnetic 
direction of Mu Pper of the upper layer 12 and a magnetic 
direction Miower of the lower layer 10 are parallel with each 
other in opposite directions. That is, relative angle 6 is 
180° , based on Formula (1), a resistance value of the 
ferromagnetic tunnel junction element TMR is maximum, and 
R=R B +AR. A maximum resistance value at this time is 
represented by Rh. 

Thus, when an external magnetic field is -H, 0, +H, a 
resistance value of the ferromagnetic tunnel junction 
element TMR is Rl, Ro and Rh, and Rl<Ro<Rh. FIG. 14A graphs 
this relationship. 

FIG. 14B is a view explaining an operational principle 
of the encoder. A magnetic field generating magnet to be 
measured 55 and a magnetic sensor 50 formed of tunnel 
junction elements TMR have the positional relationship with 
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each other as shown. The magnetic field generating magnet 
55 is an elongate magnetic body magnetized alternately with 
N pole and S pole, and a gap between the S and N poles of 
one pair is k. The TMRi to the TMR4 of the magnetic sensor 
50 are arranged near the magnetic field generating magnet 
55 relatively displaceably in the longitudinal direction of 
the magnetic field generating magnet 55 and in parallelism 
therewith. 

That is, initially, the magnetic sensor 50 including 
the tunnel junction elements TMRi to TMR4 is located at a 
sensor position [1]. The respective ferromagnetic tunnel 
junction elements TMRs are arranged at a X/4 gap. After a 
ceratin time t determined by a displacement speed, the 
magnetic sensor 50 is displaced right by X/4 parallelly 
with the magnet 55 to located at the sensor position [2] . 
In the drawing, however, the sensor position [2] is shown 
away from the magnetic field generating magnet 55 because 
if the sensor position [2] is shown, overlapping the sensor 
position [1], the drawing will make the understanding 
difficult. It should be noted that actually the magnetic 
sensor 55 is relatively displaced in the longitudinal 
direction of the magnetic field generating magnet 55 in 
parallelism therewith over a position near the magnet 55. 
This is true with the sensor positions [3] and [4] . 

Furthermore, after the time t, the magnetic sensor 50 
at the sensor position [2] is located at the sensor 
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position [3], and then after the time t, the magnetic 
sensor 50 is located at the sensor position [4] . Thus the 
magnetic sensor 50 makes the parallel displacement. 

First, at the sensor position [1] in FIG. 14B, the 
respective tunnel junction elements have TMRi = Rl, TMR2 = Ro, 
TMR3=Rh and TMR4=Ro under the influence of an external 
magnetic field from the magnetic field generating magnet 
55. FIG. 15A corresponds to FIG. 13B. In this equivalent 
circuit, the voltage output Va and the voltage output Vb of 
the output A-terminal and the output B-terminal 
respectively divide a voltage V to the TMRi and the TMR3 and 
a voltage V to the TMR2 and the TMR4 . The following formula 
is obtained. 

Va = V X TMR3 / ( TMRi + TMR3 ) 

= V X Rh / ( Rl + Rh ) ( 5 ) 

Vb => V X TMR4 / ( TMR2 + TMR4 ) 

= V x Ro / ( Ro + Ro ) ( 6 ) 

Here, the following formulas are derived from the 
results of Formulas ( 5 ) and ( 6 ) . 

Va = V x R H / ( Rl + Rh ) = Vh (7) 

Vb « V x Ro / ( Ro + Ro ) = V / 2 = Vo ( 8 ) 

Then, at the sensor position [2] in FIG. 14B, 

TMRi = Ro, TMR2 = Rh, TMRa = Ro, TMR4 = Rl 

Accordingly, voltage outputs Va, Vb of the output A- 
terminal and the output B-terminal are as follows. 

Va = V x TMRa / ( TMRi + TMRa ) 
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= V x Ro / ( Ro+Ro) = V / 2 = Vo (9) 

Vb = V x TMR4 / ( TMR2 + TMR4 ) 

= V x R L / ( Rh + Rl ) (10) 

Here, the following formula can be derived from -the 
result of Formula ( 10 ) . 

Va = V X R L / ( Rl + Rh ) = Vl (11) 

Similarly, at the sensor position [3] in FIG. 14B, 
TMRi = Rh, TMR2 = Ro, TMR3 = Rl , TMR4 = Ro 

Accordingly voltage outputs Va, Vb of the output A- 
terminal and the output B-terminal are as follows. 



Va = V X TMRa / ( TMRi + TMR3 ) 

= V X Rl / ( Rh + Rl ) = Vl ( 12 ) 

Vb = V X TMR4 / ( TMR2 + TMR4 ) 

= V x Ro / ( Ro+Ro ) = V / 2 = Vo (13) 



Similarly, at the sensor position [4] in FIG. 14B, 
TMRi = Ro, TMR2 = Rl, TMRa = Ro, TMR4 = Rh 

Accordingly, voltage outputs Va, Vb of the output A- 
terminal and the output B-terminal are as follows. 



Va = V X TMR3 / ( TMRi + TMR3 ) 

= VxRo/ ( Ro+R ) = V/ 2 = Vo (14) 

Vb = V X TMR4 / ( TMR2 + TMR4 ) 

= V X R H / ( Rl + Rh ) = Vh (15) 



Hereafter the magnetic sensor 50 repeatedly takes the 
sensor positions [1] to [4] with respect to the S and N 
poles of the magnetic field generating magnet 55. FIG. 15B 
shows output waveforms of the magnetic sensor 50. 
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FIG. 16 is views of an actual magnetic encoder using 
the operational principle explained with reference to FIG. 
14. This magnetic encoder includes a rotary magnetic body 
56 and a magnetic sensor 50 disposed near the rotary 
magnetic body 56. Actually the rotary magnetic body 56 is 
used in place of making the magnetic field generating 
magnet 55 infinitely elongate. 

The rotary magnetic body 56 has a 10 mm-diameter, and 
the shaft has a 5 mm-diameter. Sixteen pairs of S pole and 
N pole are arranged radially on the circumferential 
surface. A magnetic period X is about 1.5 mm. The 
magnetic sensor 50 is positioned with the center of the 
sensor aligned with the center of the radial magnetic 
portions of the rotary magnetic body 56. 

In the magnetic sensor 50 respective ferromagnetic 
tunnel junction elements TMR must be arranged at K/4 gap 
with respect to each other and in parallelism with radially 
extended magnets of the rotary magnetic body. To this end, 
the respective TMR elements form an about 5.6° and spaced 
at the center from each other by a 0.37 mm gap. The 
thus- formed magnetic encoder can provide by the respective 
ferromagnetic tunnel junction elements TMR of the magnetic 
sensor 50 the output waveforms explained with reference to 
FIG. 15B. That is, when the magnetic sensor 50 is 
displaced by a magnetic period K with respect to the rotary 
magnetic body 56, an output pulse of one period is 
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generated. 

As described in connection with the spin valve 
magnetic sensor, the sensor portion can be formed at a 
proximal location in the magnetic layer regions of the 
tunnel junctions of the respective ferromagnetic tunnel 
junction elements TMR. Consequently, in the free- side 
magnetic layer, magnetic directions . can easily rotate in 
respective magnetic domains of the free-side magnetic 
layer, free from the influence of the edges of the magnetic 
layer. 

As described above, according to the present 
embodiment, innovational magnetic sensors, magnetic heads 
and magnetic encoders can be provided. 

According to the present embodiment, rotation of 
magnetic directions of the free-side magnetic layer can be 
sufficiently ensured. The present invention is applicable 
generally to magnetic sensors, such as magnetic heads, 
magnetic encoders, etc. 

(A Second Embodiment) 

The magnetic head according to a second embodiment of 
the present invention will be explained with reference to 
FIG. 17. FIG. 17 is a sectional view of the magnetic head 
according tot he present embodiment. FIGs. 17B is an 
enlarged sectional view of the ferromagnetic tunnel 
junction element of the magnetic head shown in FIG. 17B. 

As shown in FIG. 17A, the magnetic head according to 

- 46 - 




the present embodiment includes a ferromagnetic tunnel 
junction element 210 whose electric resistance changes 
corresponding to changes of a magnetic filed from the 
outside. The ferromagnetic tunnel junction element 210 
includes a free layer 214, a barrier layer 216, a fixed 
layer 218 and an antif erromagnetic layer 220. 

As shown in FIG - 17B, the free layer 214 is formed of 
a 3 nm-thickness NiFe layer 221 and a 3 nm-thickness Co 
layer 224. The barrier layer 216 is formed of a 1 
nm-thickness A1 2 0 3 layer adjacent to the Co layer 224 of the 
free layer 214. 

The fixed layer 218 is formed of a 3 nm-thickness Co 
layer 226 and a 3 nm-thickness NiFe layer 228 adjacent to 
the barrier layer 216. The ferromagnetic layer 220 is 
formed of an NiO layer adjacent to the fixed layer 218. 

Shield layers 212a, 212b of an NiFe layer are formed, 
spaced from the ferromagnetic tunnel junction element 210. 
A non-magnetic layer 222 of an A1 2 0 3 layer is formed between 
the ferromagnetic tunnel junction element 210, and the 
shield layers 212a, 212b. The lower side as viewed in the 
drawing is a signal detection surface 230 of the magnetic 
head . 

In the ferromagnetic tunnel junction element 210 
having such structure, when a voltage is applied between 
the fixed layer 218 and the fee layer 214, current flows 
through the barrier layer 216. 

- 47 - 




FIG. 17A shows a state that a record bit 232 of a 
magnetic storage medium is near the ferromagnetic tunnel 
junction element 210. Actually a number of record bits are 
formed in a magnetic storage medium but are omitted in FIG. 
17A. 

When the record bit 232 of a magnetic storage medium 
comes near the ferromagnetic tunnel junction element 210, 
a magnetic direction of the free layer 214 rotates. On the 
other hand, the fixed layer 218, adjacent to which the 
antif erromagnetic layer 220 is formed, has a magnetic 
direction fixed. 

The magnetic head according to the present embodiment 
is characterized in that, as shown in FIG. 17A, the free 
layer 214 is extended away from the signal detection 
surface 230 and has the end thereof connected to the shield 
layer 212a, which allows a magnetic flux from the record 
bit 232 to easily pass through the free layer 214. 

In the present embodiment, because the free layer 214 
is connected to the shield layer 212a of an NiFe layer, 
whose permeability is high, a magnetic flux from the record 
bit 232 easily pass through the free layer 214. In 
addition, because the free layer 214 is extended away from 
the signal detection surface 230, the influence of a 
demagnetizing field in the free layer 214 can be reduced. 
Thus, a rotation angle of a magnetic direction of the free 
layer 214 can be large. The free layer 214 is connected 
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smoothly to the shield layer 212a in a region spaced form 
the signal detection surface 230, which reduces the 
influence of the demagnetizing field in the free layer 214. 

The change of a magnetic direction of the free layer 
214 of the magnetic head according to the present 
embodiment will be explained with reference to FIG. 18. 
FIG. 18 is a schematic view of magnetic directions of the 
free layers at the time when a record bit comes near. The 
arrows indicate magnetic directions. The region surrounded 
by the ellipse is a region where magnetization angles of 
the free layer is above a certain angle. FIG. 18 shows 
magnetic directions of the free layer in a area which is 
about 20 urn away from the signal detection surface. 

In the magnetic head using a spin valve structure, as 
the core is micronized, as shown in FIG. 6 the influence of 
demagnetizing field takes place near the signal detection 
surface 430 and the upper part of the core 400. 
Accordingly, a magnetic angle 0 X of the free layer 414 is 
small when the record bit 232 comes hear, which makes it 
impossible to obtain high outputs. 

In contrast to this, in the present embodiment, the 
free layer 214 is extended away from the signal detection 
surface 230, whereby the influence of the demagnetizing 
field does not easily take place near the region of the 
junction between the fixed layer 218 and the free layer 
214. Accordingly, as shown in FIG. 18, changes of a 
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magnetic direction of the free layer 214 at the time when 
the record bit 232 comes near take place even in the region 
away from the signal detection surface 230, and, in 
addition, magnetic angles Q 1 can be large. 

Accordingly, in the present embodiment, large electric 
resistance changes, is comparison with those of the 
conventional magnetic head, can be obtained when the record 
bit 232 comes near the ferromagnetic tunnel junction 
element 210, whereby higher detection sensitivity can be 
provided. 

As described above, in the present embodiment, the 
free layer is extended away from the signal detection 
surface, and the end of the extended free layer is 
connected to the shield layer of high permeability, whereby 
the influence of the demagnetizing field in the free layer 
can be reduced. Consequently, the influence of the 
demagnetizing field near the region of junction between the 
free layer and the fixed layer can be reduced, whereby a 
rotation angle of a magnetic direction in the junction 
region can be large, and an electric resistance change at 
the time when a record bit comes near can be large. 
Consequently, even in a case that the junction region has 
a small width, the magnetic head can have sufficiently high 
detection sensitivity, and is adaptable to higher record 
densities of magnetic storage mediums . 

(Other Examples (Example 1)) 
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One example ( Example 1 ) of the magnetic head according 
to the second embodiment of the present invention will be 
explained with reference to FIG. 19. FIG. 19 is sectional 
views of the magnetic head according to the present 
example. FIG. 19B is an enlarged sectional view of the 
ferromagnetic tunnel junction element shown in FIG. 19A. 

As shown in FIG. 19, in the present example, a region 
where the influence of the demagnetizing field is little is 
the region 234 of junction between a fixed layer 218 and a 
free layer 214. 

That is, in the edge part of the fixed layer 218 
rotation angles of magnetic directions small due to the 
influence of the demagnetizing field taking place there. 
In the present example, however, the barrier layer 216 is 
thin in a region near the central part of the fixed layer 
218 to an extent that the tunnel junction is possible and 
is thick in a region near the edge part of the fixed layer 
218. Accordingly, the region of the fixed layer 218 except 
the edge part thereof, i.e., a region where the influence 
of the demagnetizing field is little is the junction region 
234, whereby electric resistance changes of a ferromagnetic 
tunnel junction elements 210 due to magnetic fields from 
record bits can be large. 

As described above, according to the present example, 
a region where the influence of demagnetizing fields is 
little is the junction region, whereby magnetic heads 
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having high detection sensitivities can ben provided. 
( Other Examples ( Example 2 ) ) 

Another example (Example 2) of the magnetic head 
according to the second embodiment of the present invention 
will be explained with reference to FIG. 20. FIG. 20 is a 
sectional view of the magnetic head according to the 
present example. 

As shown in FIG. 20, the present example is the same 
as the magnetic head according to the second embodiment 
shown in FIG. 17 in that in the former, a fixed layer 218a 
is formed of a 2 nm-thickness NiFe layer 228, a 2 
nm-thickness Co layer 226, a 1 nm-thickness Ru layer 236 
and a 3 nm-thickness Co layer 240. 

In the present example, the fixed layer 218a is formed 
of the layer film of the NiFe layer 228, the Co layer 226, 
the Ru layer 236 and the Co layer 240, and 
anti ferromagnetic coupling is formed between the Co layer 
226 and the Co layer 240, whereby extension of a magnetic 
filed from the fixed layer 218a to the free layer 214 can 
be suppressed. Accordingly, shift of a bias point of the 
free layer can be prevented. 

(Other Examples (Example 3)) 

Further another example (Example 3) of the magnetic 
head according to the second embodiment of the present 
invention will be explained with reference to FIG. 21. 
FIG. 21 is sectional views of the magnetic head according 
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to the present example. FIG. 21B is an enlarged sectional 
view of the ferromagnetic tunnel junction element shown in 
FIG. 21A. 

As shown in FIG. 21A, the magnetic head according to 
the present example is characterized in that a fixed layer 
218 is not exposed to a signal detection surface 230, and 
a shield layer 212a connected to the end of a free layer 
214 is grounded. 

In the present example, because the fixed layer 218 is 
not exposed to the signal detection surface 230, even when 
a potential difference takes place between the fixed layer 
218 and the magnetic record medium (not shown), occurrence 
of discharge can be prevented. 

In the present example, the free layer 214 exposed to 
the signal detection surface 230 is grounded via the shield 
layer 212a. Accordingly, a magnetic record medium is 
grounded, whereby no potential difference takes place 
between the free layer 214 and a magnetic record medium. 
Accordingly, occurrence of potential difference between the 
free layer 214 and a magnetic record medium can be 
prevented, whereby occurrence of discharge from the free 
layer 214 to the magnetic medium can be prevented. 
According to the present example, breakage of stored 
information of record bits due to discharge can be 
prevented . 

In the present example, a junction region 234 between 
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the fixed layer 218 and the free layer 214 is spaced from 
the signal detection surface 230. Accordingly, even when 
the signal detection surface 230 is abraded, it is rare 
that even the junction region 234 between the fixed layer 
218 and the free layer 214 is abraded. Thus, decrease of 
the junction region 234 between the fixed layer 218 and the 
free layer 214 can be prevented. 

Accordingly, the magnetic head according to the 
present example is applicable as a contact-type magnetic 
head which is used in contact with the signal detection 
surface 230 with a magnetic record medium. 

As described above, according to the present example, 
the fixed layer is not exposed to the signal detection 
surface, whereby even when a potential difference takes 
place between the fixed layer and a magnetic record medium 
takes place, occurrence of discharge can be prevented. The 
free layer exposed to the signal detection surface is 
grounded via the shield layer, whereby a magnetic record 
medium is grounded to thereby make a potential of the free 
layer and that of a magnetic record medium equal to each 
other. Accordingly, occurrence of potential difference 
between the free layer and a magnetic record medium can be 
prevented, and discharge from the free layer to the 
magnetic record medium can be prevented, whereby breakage 
of stored information of record bits of a magnetic record 
mediums can be prevented. 
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In the present example, the junction region between 
the fixed layer and the free layer is spaced from the 
signal detection surface, whereby even when the signal 
detection surface is abraded, it is rare that even the 
junction region between the fixed layer and the free layer 
is abraded. Accordingly, decrease of the junction region 
between the fixed layer and the free layer can be 
prevented. Thus, the present example is applicable to 
contact-type magnetic heads which is used with the signal 
detection surface in contact with a magnetic record medium. 

( A Third Embodiment ) 

The magnetic head according to a third embodiment of 
the present invention will be explained with reference to 
FIG. 22. FIG. 22 is a sectional view of the magnetic head 
according to the present embodiment . The same members of 
the magnetic head according to the present embodiment as 
those of the magnetic head according to the second 
embodiment shown in FIGs. 17A to 21 are represented by the 
same reference numbers not to repeat or to simplify the 
explanation . 

As shown in FIG. 22, the magnetic head according to 
the present embodiment is characterized in that a 
ferromagnetic tunnel junction element 210a includes to 
ferromagnetic tunnel junctions. 

That is, a barrier layer 216a which is substantially 
the same as the barrier layer 216 are formed 
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plane- symmetrical with respect to the free layer 214. A 
fixed layer 218b which is substantially the same as the 
fixed layer 218 are formed plane-symmetrical with respect 
to the free layer 214. A antif erromagnetic layer 220a 
which is substantially the same as the antif erromagnetic 
layer 220 are formed plane-symmetrical with respect to the 
free layer 214. 

When a record bit (not shown) comes near a 
ferromagnetic tunnel junction element 210a, a magnetic 
direction of the fixed layer 218 becomes the same as that 
of the fixed layer 218b. 

The ferromagnetic tunnel junction 210a has tow 
ferromagnetic tunnel junctions, outputs of the two 
ferromagnetic tunnel junctions are combined to thereby 
realize high detection sensitivity. 

A difference between outputs of the two ferromagnetic 
tunnel junctions of the ferromagnetic tunnel junction 
element 210a is detected to thereby cancel noises of the 
same phase . 

As described above, according to the present 
embodiment, two ferromagnetic tunnel junctions are formed 
plane-symmetrical with respect to the free layer, whereby 
outputs of the two ferromagnetic tunnel junctions are 
combined to thereby realize high-output sensitivity. A 
difference between outputs of the two ferromagnetic tunnel 
junctions is detected to thereby cancel noises of the same 
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phase. 

(A Fourth Embodiment) 

The magnetic head according to a fourth embodiment of 
the present invention will be explained with reference to 
FIG. 23. FIG. 23 is a side view of the magnetic head 
according to the present embodiment. The same members of 
the magnetic head according to the present embodiment as 
those of the magnetic head according to the second or the 
third embodiment shown in FIGs. 17 to 22 are represented by 
the same reference numbers not to repeat or to simplify the 
explanation. 

As shown in FIG. 23, the magnetic head according to 
the present embodiment is characterized by the shape of a 
free layer 214a. That is, the free layer 214a has a width 
which is a little larger than a width of a fixed layer 218, 
near a signal detection surface 230 and a junction region 
234 between the fixed layer 218 and the free layer 214a, 
has the width gradually increased away from the signal 
detection surface 230, and has a much increased width at a 
part which is further away from the signal detection 
surface 230. 

In the free layer which is simply formed in a 
rectangular shape, even when no external magnetic field is 
applied, a magnetic direction of the free layer is tilted 
in the longitudinal direction of the free layer. In the 
present embodiment, however, because the free layer is 




formed in the shape as shown in FIG. 23, a magnetic 
direction of the free layer 214a near the junction region 
234 is prevented from tilting when no external magnetic 
field is applied. Accordingly, when an external magnetic 
field is applied, a magnetic direction of the free layer 
214a sufficiently rotate near the junction region 234, 
whereby the magnetic head can have high detection 
sensitivity. 

As described above, according to the present 
embodiment, the free layer is wider away from the signal 
detection surface and is further wider in a region which is 
away from the signal detection surface, whereby when no 
external magnetic field is applied, a magnetic direction of 
the free layer is prevented from tilting near the junction 
region. Accordingly a rotation angle of a magnetic 
direction of the free layer near the junction region can be 
large, and the magnetic head can have high detection 
sensitivity. 

(A Fifth Embodiment) 

A magnetic head according to a fifth embodiment of the 
present invention will be explained with reference to FIG. 
24. FIG. 24 is a plan view of the magnetic head according 
to the present embodiment as viewed at the side of the 
signal detection surface. The same members of the magnetic 
head according to the present embodiment as those of the 
magnetic head according to the second to the fourth 
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embodiment shown in FIGs. 17A to 23 are represented by the 
same reference numbers not to repeat or to simply the 
explanation . 

As shown in FIG. 24, the magnetic head according to 
the present embodiment is characterized in that a free 
layer 214b in the region except a junction region 234 
between a fixed layer 218 and a free layer 214b is bent to 
be away from the fixed layer 218. 

Because the free layer 214b in the region except the 
junction region 234 between the fixed layer 218 and the 
free layer 214b is bent away from the fixed layer 218, even 
a distance of tracks is small due to high recording density 
of a magnetic record medium, a magnetic filed from record 
bits of adjacent tracks is less influential. 

As described above, according to the present 
embodiment, the free layer in the region except the 
junction region between the fixed layer and the free layer 
is bent away from the fixed layer, magnetic fields from 
record bits of adjacent tracks can be made less 
influential. Thus, magnetic fields from record bits of 
adjacent tracks can be made less influential, which makes 
the magnetic head applicable to high recording densities of 
magnetic storage mediums. 

( Other Examples ) 

One example of the magnetic head according to the 
fifth embodiment of the present invention will be explained 
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with reference to FIG. 25. FIG. 25 is a plan view of the 
magnetic head according to the present example as viewed at 
the side of the signal detection surface. 

As shown in FIG. 25, in the present example, a free 
layer 214c in the region except a junction region 234 
between a fixed layer 218 and the free layer 214c is bent 
away from the fixed layer 218, and furthermore the bent 
part of the free layer 214c is bent away from a shield 
layer 212a. Thus, a spacing between the shield layer 212a 
and a shield layer 212b can be small, whereby a portion for 
detecting signals can be micronized. The magnetic head is 
applicable to higher recording density of magnetic storage 
mediums . 

(Modified Embodiments) 

The present invention is not limited to the 
above-described embodiments and can cover various 
modifications. 

For example, in the first embodiment it is possible 
that the lower layer 10 functioning the free layer is 
extended away from the signal detection surface, and the 
end of the extended lower layer 10 is connected to a shield 
layer of high permeability. Thus, the influence of the 
demagnetizing field in the sensor portion 13 can be further 
decreased, and higher detection sensitivity can be 
provided. 

In the first embodiment it is possible that the lower 
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layer 10 is formed as the free layer 214b shown in FIG. 24. 
That is, it is possible that the sensor portion 13 is bent 
away from the upper layer 12 in the region except the 
sensor portion 13. Thus, magnetic field from record bits 
of adjacent tracks can be made less influential, whereby 
the magnetic head is adaptable to thigh recording density 
of magnetic storage mediums. 

A magnetic head using the magnetic sensor according to 
the first embodiment is applicable to hard disk devices. 
The magnetic sensor of such high sensitivity is used, which 
makes hard disk devices adaptable to high recording density 
of magnetic storage mediums. 

In the second to the fifth embodiments, the free layer 
is connected to the shield layer, but the free layer may be 
connected not only to the shield layer, but also suitably 
to a magnetic body of high permeability. 

In the second to the fifth embodiments, the magnetic 
heads have been explained, but hard disk devices using the 
above-described magnetic heads can be provided. A 
plurality of such hard disk devices are used to provide a 
disk array device. 

In the first to the fifth embodiments the free layer 
and the fixed layer are formed of an NiFe layer and a Co 
layer. However, materials of the free layer and the fixed 
layer are not limited to NiFe layer and Co layer. The free 
layer and the fixed layer may be formed of other layers as 
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long as they can realize the ferromagnetic tunnel junction. 

[INDUSTRIAL APPLICABILITY] 

The present invention is suitable for magnetic 
sensors, magnetic heads, magnetic encoders and hard disk 
devices, more specifically to magnetic sensors, magnetic 
heads, magnetic encoders which can realize good 
sensitivity, magnetic heads which are adaptable to high 
density of magnetic storage mediums of high density and 
hard disk devices of large storage capacities using the 
magnetic heads . 
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CLAIMS 



1 . A magnetic sensor including a ferromagnetic 
tunnel junction, comprising: 

a free layer a magnetic direction of which freely 
rotates; and 

a barrier layer formed on the free layer and having a 
smaller thickness in a first region, 

a region of the free layer corresponding to the first 
region functioning as a sensor portion for sensing an 
external magnetic field. 

2. A magnetic sensor according to claim 1, wherein 
the barrier layer is formed by oxidizing the surface 

of a metal. 

3. A magnetic sensor according to claim 1 or 2, 
further comprising: 

a fixed layer formed on the barrier layer; and 
a anti ferromagnetic layer formed on the fixed layer 
and fixing a magnetic direction of the fixed layer. 

4. A magnetic sensor according to claim 3, wherein 
the free layer in a region where the fixed layer is 

not formed is bent away from the fixed layer. 

5. A magnetic head comprising the magnetic sensor 
according to any one of claims 1 to 4 . 

6. A magnetic encoder comprising the magnetic sensor 
according to any one of claims 1 to 4 . 
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7. A magnetic head comprising a ferromagnetic tunnel 
junction element including a free layer a magnetic 
direction of which freely rotates, and a fixed layer which 
is opposed to one surface of the free layer through a 
barrier layer and a magnetic direction of which is fixed by 
a anti ferromagnetic layer which is adjacent thereto, 

the free layer being connected to a member of high 
permeability . 

8. A magnetic head according to claim 7, wherein 
the free layer is connected to the member of high 

permeability in a region spaced from a signal detection 
surface* 

9. A magnetic head according to claim 7 or 8, 
wherein 

the free layer is connected smoothly to the member of 
high permeability, neighboring the same. 

10. A magnetic head according to any one of claims 7 
to 9, wherein 

the member of high permeability is a shield layer 
formed, spaced from the ferromagnetic tunnel junction 
element. 

11. A magnetic head according to any one of claim 7 
to 10, wherein 

a thickness of the barrier layer near the edge of the 
fixed layer is larger than a thickness of the barrier layer 
near a central part of the fixed layer. 
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12. A magnetic head according to any one of claims 7 
to 11 , wherein 

the free layer is formed wider in a region spaced from 
the signal detection surface. 

13. A magnetic head according to any one of claims 7 
to 12, wherein 

the fixed layer is not exposed to the signal detection 
surface. 

14. A magnetic head according to any one of claims 7 
to 13, wherein 

the member of high permeability is grounded. 

15. A magnetic head according to any one of claims 7 
to 14, wherein 

the free layer in a region which is not opposed to the 
fixed layer is bent away from the fixed layer. 

16. A magnetic head according to any one of claims 
7 to 15, wherein 

the ferromagnetic tunnel junction element further 
includes another fixed layer which is opposed to the free 
layer through another barrier layer formed on the other 
surface of the free layer, a magnetic direction of said 
another fixed layer being fixed by another 
antif erromagnetic layer which is adjacent thereto. 

17. A hard disk device comprising the magnetic head 
according to any one of claim 5 and claims 7 to 16. 

18. A disk array device comprising a plurality of the 

- 65 - 




hard disk devices according to claim 17. 
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ABSTRACT 



A magnetic sensor including a ferromagnetic tunnel 
junction, comprises a free layer 10 a magnetic direction of 
which freely rotates, and a barrier layer 11 formed on the 
free layer and reduces a thickness in a first region, the 
free layer in a region corresponding to the first region 
functioning as a sensor portion for sensing an external 
magnetic field. Such magnetic sensor can provide magnetic 
sensors, magnetic heads and magnetic encoders having high 
sensitivity. Furthermore, such magnetic sensor can provide 
magnetic heads which are adaptable to high recording 
density of magnetic storage mediums, and hard disk devices 
of large storage capacities using the magnetic heads. 
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AppnMd far um thm«h MOML^oSboS f5£S 
i o_ ^. - , Pair* wd Tr»tf«mf1< Offlci OEPAWTMEKT or r- ™« t r-WZi 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration * 



«0 Jft *fltf- fcLT, *UiElT<rjiS9X*L*+. As a balow namad Invantor. | bar aby rfadasa that 



mil to my 



(alktcd bdow) or an orfglnii, M and job* Inventor (If plural 
nameaarattatedbetawj ^th«wi^ m ««rwfiichl«etafcned and 
for which ■ patant la aouoM ontfM bimtlon antftlad 



MAGNETIC SENSOR, MAGNETIC HEAD, . 
MAGNETIC ENCODER AND HARD DISK DEVICE 



±R«9I© m W CTEcO0Txfll ^o^ TV N« v^tf^H . th. apaclocafkH. of which la 



box Is chccfced: 



*tt>ch ad harato unlace fha fallowing 



ic United Stitea AppOcafloa Number or 
PCT Intcmaflotul AppHcrtSoo Numbax 
nQ/Sft1 f 4fifl andwmaamaod 
(tr«ppQuUe>. 



^S^iftLruX - -L**mt >nowja»awinm««vl«wed«ndi«id«ndand tha contents of 

amcmfad by any amandment ratorad to abova. 

M - ^**"* #fk0, ' <TaJ^<fW < ^ * 8, '' t •»• a a» ^, P—«» „ Tllfe37 v O*. „ F ^, R ^, taltena . 
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-05-2001 17:01 



K |T ""U ASSOCIATES 



,0. 



1 



P. 



O 



(MdforuMlhnxighaaQ«a. OMBOGSlJyrr; 

rttOTTlo* U.3. DEPARTMENT OF COMLFvrc 

Underlie Paperwork Reduction Ael^^ ^OMBwoh^ 

Japanese Language Declaration 



fill. *SS:J*jrT3 5C1 I 9ft (a)-(d)«l±3 6 s* 

$Lrw5ftffis^^ 3 65 (a)gnc«-r<EBisaaiffl, x 

*ffi«oW»cai*$ ^fc«ff=ifcli« WE«onSa3IB4ra 
Prior Foreign Application's) 

10-289781 Japan 

(Number) (Country) 

io-3ofi383 japffl* J 

(Number) (Country) 

<SJ«) 



I h«raby cUbn fof don priority under TH1« 3fl. United Statea Code. 
Section nt («K<0 or 3CS(b) of any foreign appacatlon(s) for patent 
or Inventor's certificate, or 3tt(a) of any PCT International 
appfcatran whk*i designated at lea at one country other than the 
UniUd States. Gated ImIow end have alco Men! [fied b*lew. by 
cheesing trie box, any foreign application fg/ patent or Inventora 
certificate, or PCT International application havlno * filing date 
before that of the appGcalion on which priority U claimed. 

Priority Not Claimed 

October 12, 1998 

(Day/MortthfYear Filed) ° 

October Iff, 1998 

(Oay/MonWYeer Filed) 

(ffiaWJB) ° 

I hereby claim the benefit under Tttlo3B. United SUtce Code, 
Sacllon 1 f S(«) of any United Stafta provfalenal appOcatk>n{*) Deled 
below. 



(Application No.) 
(fcHa»%) 



(Filing Date) 
(W0B) 



*J*. TEO*3it«M3 5812 0&KX^rTO<0* 



PCT/JP99/05568 
(Application No.) 
(Wa»*) 

(AppGcafion No.) 

(ttn&*) 



QCt. 8, 1999 
(Filing Date) 



(Filing Dale) 



1 8S#l 0 0 l^cat-f R&^fcliftj*. 1 > u<tt* 



(Application No.) 



(Rflng Dato) 



I hereby cUbn the. benvltt under Title 30. United Stales Code. 
Section 120 orany United Stale. appflcattonf.), or 2C6(c) of any 
PCT International appDcatlon designating the United States, Osted 
below and, Insofar as the aubject matte* of each el the elakne of 
Ihia «ppDcatk>n La not dladoecd bi the prior United Statea or PCT 
Interrutlorul appOcatloo In the manner provided by the fir at 
paragraph of Title 36. United States Code Section 11*. I 
acknowledge the duty to cflccfoee Information which la material to 
patentability aa defined In Title 37. Code of Federal Regulation a. 
Section t.66 which became available between the filing date of the 
prior application and the national or PCT International Wing date or 
application. 

Pending 



(Status: Patented. Pending. Abandoned) 
(Ml tflW^or. ffJK*. jft**) 

(Status: Patented. Pending. Abandoned) 

I hereby declare that aO eUternentt made herein of my own 
knowledge ire true and that all abatement i made on Wbrmation 
and belief are believed la be true; and further that the** 
statements were made with the knowledge that willful false 
atatemenfi and the like so mad* are punishable by fine or 
bnprtaonrnent, or both, under Section iaoi of TMe II of the 
United Slates Code and (hat such willful falsa statements may 
Jeopardize the validity of the appfcatfon or any patent famed 
thereon. 
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07-05-200 1 1 7 : 02 r T '"\i ASSOCIATES 



_ d Traoamrt Ofltea; U.S. DEPARTMENT OFcrSSLt?? 



Japanese Language Declaration 



POWER OF ATTORNEY: Aj a named lnvantor. t haraby appoint 
thm .following *ttom«y(«) and/or a<y«ftf(«| to praaacut* this 
•opOcsttoa «nd transact sit business bi th« Pxtsrti and Trademark 
OfSca cemMtod Qwrvwttti (Oat nam* am* r»g/atuflort raorsba*? 



Attorney 
Patrick G. Burns 
Roger D. Greer 
Lawrence J. Crain 
Steven P. Fallon 
Paul G. Juettner 



29,367 
26,174 
31,497 
35,132 
30,270 



AnYimry Ttgg >ir> 

James K. Folker 37,538 

Jonathan D . Fcuchtwang 4 1 ,0 1 7 

B.Joe Kim 41,895 

Carole A. Mickelson (Agent) 30,773 



Send Correspondence to: 

OWct Tatapbona Calla toe (nam* mod tmhptionm numtmi) 

Patrick G. Bums, Esq. 
Greer, Bums & Crain, Ltd. 
Sears Tower- Suite 8660 
233S. Wacker Drive 

Chicago, IL 60606 (3 12) 993-0080 





Fufl fwm of tola or final invarsor 

— Masashigp Satn 








Restores ^ 

Jaoan 


Biff 


GSzenaMp 

Japan 


ft33ff 


Port Office Address 

c/o Fujitsu Limited 


1-1, Kamikodanaka 4-chome , Nakahara-ku, 
Kawasaki -shi/ Kanagawa 211-8588 Japan 


•k , 


Fisl namrof second jot* Investor. IT any 

Hidevuki Kikuchi 








Japan 




OttzftMrop 

Japan 




FostOttbeAottass 

c/o Fujitsu Limited 


1-irKamiicodanaka 4-chome, Nakahara-ku, 
Kavasaki-shi , Kanaqava 511 RSfifl /ranari 




(Supply statier Information and slo^ura fbr iMro? and «ut>Mqu«nt 

joint Inventors.) 
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K' T, S I ASSOCIATES 



FuH came of third joint inventor, if any 

Kazuo Kobayashi 



Bff 



CJIIz«naMp 

Japan 



Pest Offcs Address 

c/o Fujitsu Limited 



1-1, Kamikodanaka 4-chame, Nakahara-Jcu , 
Kawasaki-shi , Kanagawa 211-8588 Japan 

FuQ oune of fourth jotrn inventor, if my 



friverttoi'sslgnittf* 



D«t« 



Elf 



CBtnnshfc 



PostOfflnAddfsss 



Full name of fifth joint inventor, if «ny 



tmr»ntar*a signature 



Dsts 



£3r 



817 



RnJdcnc* 



Clttmuhip 



Post Office Address 



Foil bom of sixth joint invnuor, if ray 



' IrwBrttof's liQrnfurs 



517 



Residence 



Port OtTioa Address 



C^-£Xa^f51«Wk:0VNTtra«tCCJ5L. ***-r <Suppr, *WUr Information snd ri^ur. fbrthim *nd subsequent 

^ ^ Joint Inventors.) 
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